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573 ABSTRACT

A method for producing a polyolefin is disclosed which
comprises polymerizing an a-olefin in the presence of a
catalyst composition comprising (A) a solid catalyst
component prepared by contacting (2) a solid compo-
nent comprising a magnesium alkoxide and/or a magne-
siumn salt of a fatty acid supported on an inorganic oxide
composed of at least one member selected from the

- group consisting of oxides of elements belonging to

Groups 1I, III and IV of the periodic table and/or a
composite iorganic oxide containing at least one mem-
ber selected from the group consisting of oxides of
elements belonging to Groups II, III and IV of the
periodic table, the inorganic oxide or composite inor-
ganic oxide having a surface hydroxide concentration
of 3 pmol/m? or less, (b) an electron donating com-
pound and (c) a titanium halide, (B) an organic metal
compound, and (C) an electron donating compound.

According to the method, a step of removing the cata-
lyst residue: from the polypropylene produced can be

- eliminated and the products have well balanced me-

chanical strength such as stiffness and impact strength.

2 Claims, No Drawings
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1
METHOD FOR PRODUCING POLYOLEFIN

This application is a continuation of application Ser.
No. 279,260 filed Dec. 1, 1988 which is a continuation

of application Ser. No. 871,221 filed Jun. 6, 1986 both
now abandoned.

FIELD OF THE INVENTION

The present invention relates to a method for produc-
ing a polyolefin.

BACKGROUND OF THE INVENTION

It 1s known to produce a polyolefin using a Ziegler
Natta catalyst comprising a solid catalyst component
composed of a titanium component and a magnesium
halide carrier, and an organic aluminum compound

component as described in JP-A-39991/78, JP-A-
206415/84, etc.

This conventional catalyst has a relative high activ-
ity. However, there is a problem that when the polyole-
fin produced by the above-described conventional
method 1s molded using a molding machine, magnesium
halide which remains in the polyolefin produced pro-
motes corrosion of the molding machine and leads to
production of molded articles having a poor appear-
ance.

On the other hand, a method for producing a polyole-
fin has been proposed which uses a solid catalyst com-
ponent prepared by supporting a magnesium dialkoxide
on a carrier of an inorganic oxide such as SiO; not con-
taining a halogen and reacting the thus-prepared solid
catalyst component with an electron donating com-
pound such as a carboxylic acid monoester and a tita-
nium halide compound, as described in JP-A-
162607/83.

However, this method 1s disadvantageous in that the
catalyst used has a low catalytic activity and the deposi-
tion of the magnesium alkoxide on the carrier is insuffi-
cient, resulting in that the polyolefin obtained is powder
of poor particle size distribution and has an insufficient
stereoregularity, and that depending on the kind of the
a-olefin used the molecular weight distribution of the
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resulting polyolefin is broad and films molded there-

from have a poor transparency.

Further, a method for producing a polyolefin using a
solid catalyst composed of a titanium halide and a car-
rier which 1s prepared by reacting an organic silicon
compound with silica, for example, and further reacting
the product with a magnesium compound such as a
magnesium alkyl halide compound (RMgX) and with

an aicohol, sequentially, as described in Japanese Patent
Publication No. 6962/85.

This conventional method, however, is disadvanta-

geous in that polymers having a high stereoregularity
are not obtained.

On the other hand, it is known to produce a polypro-

pylene, one of polyolefins, using a multi-stage polymeri-

zation method in order to improve the impact strength
of the polypropylene.

For example, there is known a two-stage slurry poly-
merization method as described in , e.g., Japanese Pa-
tent Publication No. 11448/83. The polypropylene pro-
duced by this method has an impact strength which is
improved to some extent but is insufficiently satisfac-
tory.

A three-stage slurry polymerization method is also
proposed as described in Japanese Patent Publication
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No. 145114/82, which method fails to produce polypro-
pylenes that have a satisfactorily improved impact
strength.

In addltlon, a two-stage gas phase polymerlzatwn
method using a titanium trichloride catalyst is proposed
as descnibed in, e.g., JP-A-187 413. Although this
method 1s somewhat improved since it does not require
a step of recovering the solvent used and thus a step of

drying the resulting polymer is widely simplified, it still

needs to remove catalyst residue because the catalyst

used has a low catalytic activity. In order to cope with
this problem, development of a gas phase polymeriza-
tion method using a catalyst having a high catalytic
activity 1s under way but there are many problems to be
solved before such method can be utilized in practice
and a complete solution therefore has not been pro-
posed yet as far as is known.

Among polyolefins, there is included propylene eth-
ylene random copolymers, which are used widely in
various fields of film technology. The propylene-ethy-

lene random copolymers are produced by copolymeriz-

ing propylene and ethylene monomers using a stereo-
regular polymerization catalyst comprising a solid cata-
lyst component composed of a titanium compound sup-
ported on a magnesium halide carrier, and an organic
aluminum compound.

However, such propylene-ethylene random copoly-
mers are disadvantageous in that they have poor heat
sealing properties at low temperatures.

In order to improve the heat sealing properties of

propylene-ethylene random copolymers, it has conven-
tionally been proposed to increase the content of ethyl-
ene as a monomer unit.
- When a slurry polymerization method is employed in
order to increase the content of ethylene, not only the
amount of soluble polymers which are by-produced
increases and as a result the yield of the propylene-ethy-
lene random copolymer desired decreases but also the
properties of the slurry during the polymerization reac-
tion 1s deteriorated and it is difficult to carry out the
polymerization reaction continuously.

On the other hand, an attempt to increase the content
of ethylene by the use of a gas phase polymerization
method gives rise to a new problem in that the resulting
propylene-ethylene random copolymer has an increased
adherent property which tends to lead to the formation
of agglomerates and as a result to the occurrence of
accidents such as clogging of pipelines for transporta-
tion and the like.

Further, the various - polyolefins produced by the
above-described polymerization methods, which are
usually transported in a pipeline to a predetermined
place in the form of dry powders, tend to cause acci-
dents due to clogging of pipelines for transportation
since the polyolefins produced by the conventional
methods have unsatisfactory particle size distribution.

SUMMARY OF THE INVENTION

An object of the present invention is to provide 2
method for producing a polyolefin having a good parti-
cle size distribution which can be passed through a
pipeline for transportation without causing clogging
thereof.

Another object of the present invention is to provide
a method for producing a polyolefin which contains
much less catalyst residue and is prevented from cor-
roding molding machines, and in addition which can be
molded into articles having a good appearance.
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Still another object of the present invention is to
provide a method for producing a polyolefin which has
a high stereoregularity and can be molded into highly
transparent films. |

Further, an object of the present invention is to pro-
vide a method for producing a polyolefin which can be
molded into articles having an improved mechanical
strength.

A still further object of the present invention is to
provide a method for producing a polyolefin, particu-
larly a propylene copolymer, which can be molded into
articles having improved heat sealing properties at low
temperatures.

Another object of the present invention is to provide
a method for producing a polyolefin, particularly a
polybuten-1, which contains catalyst residues in mini-
mized amounts, has a high stereoregularity, has a nar-
row particle size distribution and contains substantially
no fine powder.

Still another object of the present invention is to
provide a carrier for a catalyst which has a high activity
and 1s suitable for use in the polymerization of polyole-
fins which contains a2 reduced amount of a catalyst
residue, and a method for producing such a carrier.

Yet another object of the present invention is to pro-
vide a carrier for a catalyst with which there can be
produced a polyolefin having a good practice size dis-
tribution and which not only does not harm but also
increases the catalytic activity of titanium, and a
method for producing such a carrier.

These objects of the present invention are attained by
polymerizing an a-olefin in the presence of a catalyst
composition comprising (A) a solid catalyst component
prepared by contacting (a) a solid component compris-
Ing a magnesium alkoxide and/or a magnesium salt of a

fatty acid supported on an inorganic oxide composed of

at least one member selected from the group consisting
of oxides of elements belonging to Groups II, IIl and IV
of the periodic table and/or a composite inorganic
oxide containing at least one member selected from the
group consisting of oxides of elements belonging to
Groups 1I, IIT and IV of the periodic table, the inor-
ganic oxide or .composite inorganic oxide having a

surface hydroxyl group concentration of 3 pmol/m2 or -

less, (b) an electron donating compound and (c) a tita-
nium halide, (B) an organic metal compound, particu-
larly an organic aluminium compound, and (C) an elec-
tron donating compound.

Further, the above-described objects of the present
invention are attained by the use of, as a catalyst, a
carrier having supported thereon a magnesium alkoxide
and/or a magnesium salt of a fatty acid, which is pre-
pared by mixing an inorganic oxide composed of at least
one member selected from the group consisting of ox-
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ides of elements belonging to Groups II, III and IV of 55

the periodic table and/or a composite inorganic oxide
containing at Jeast one member selected from the group
consisting of oxides of elements belonging to Groups 11,
IIT and IV of the periodic table, the inorganic oxide or
composite inorganic oxide having a surface hydroxyl
group concentration of 3 umol/m?2 or lest;, or the inor-
ganic oxide and/or composite inorganic oxide pre-
treated with a silicon halide and with an alcohol in this
order or pretreated with a specified organic silane com-
pound, the pretreated inorganic oxide or composite
inorganic oxide having a surface hydroxy group con-
centration of 3 umol/m? or less, with a mixture contain-
ing at least one member selected from the group consist-
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ing of a hydrocarbon, an electron donating compound
and an alkoxytitanium, and a magnesium alkoxide and-
/or a magnesium salt of a fatty acid, optionally adding a
depositing agent, separating a solid component from the
resulting mixture, and drying the solid component.

DETAILED DESCRIPTION OF THE
INVENTION

1. Catalyst |

In the method for producing a polyolefin according
to the present invention, it is essential to use a catalyst
composition comprising (A) a solid catalyst component
prepared by contacting (a) a solid component compris-
ing a magnesium alkoxide and/or a magnesium salt of a
fatty acid supported on an inorganic oxide composed of
at least one member selected from the group consisting
of oxides of elements belonging to Groups II, III and IV
of the periodic table and/or a composite inorganic
oxide containing at least one member selected from the
group consisting of oxides of elements belonging to
Groups II, IIT and IV of the periodic table, the inor-
ganic oxide or composite inorganic oxide having a sur-
face oxide or composite inorganic oxide having a sur-
face hydroxyl group concentration of 3 u mol/m?2 or
Jess, (b) an electron donating compound and (c) a tita-
nium halide, (B) an organic metal compound, particu-
larly an organic aluminium compound, and (C) an elec-
tron donating compound.

1-(A) Solid Catalyst Component (A)

The above-described solid catalyst component (A)
can be obtained by contacting (a) a specified inorganic
oxide and/or composite inorganic oxide containing at
least one such inorganic oxide which has a surface hy-
droxyl group concentration of 3 umol/m? or less (here-
after sometimes referred to as “an inorganic oxide com-
ponent”) having supported thereon a magnesium alkox-
ide and/or a magnesium salt of a fatty acid, (b) an elec-
tron donating compound, and (c) a titanium halide com-
pound, if desired in (d) a solvent.

1-(A)-(a) Solid Component (a)

1-(A)-(a)-1 Inorganic Oxide Component

The above-described specified oxide includes oxides
of elements belonging to Group II, III or IV of the
periodic table and specific examples thereof include
MgO, Ca0O, B;03, SiOj, Sn0,, AlLO;, etc.

The composite inorganic oxide is an oxide containing
at least one member selected from the group consisting
of oxides of elements belonging to Group I, III or IV
of the periodic table. Specific examples thereof include
S5102—A1,0;, Si0—MgO, Si0,—Ti0;, Si03—V10s,
S10,—Cr703, 8i0;—Ti10;—MgO, etc.

These morganic oxides and composite inorganic ox- .
1des can be used singly or in combination. More particu-
larly, two or more of the inorganic oxides can be used
simultaneously. Further, two or more of the composite
inorganic oxides can be used simultaneously. In addi-
tion, the inorganic oxide and the composite inorganic
oxide can be used together.

Since it serves as a carrier for a catalyst, the inorganic
oxide component must have characteristics suitable as a
carrier, and it is preferred that the inorganic oxide com-
ponent have a specific surface area (BET) of 10 to 800
m2/g, an average pore diameter of 10 A or more and an
average particle size of 0.1 to 1000 um.

Among the above-described inorganic oxide compo-
nents, S102 and Al>O3, which can have the abovede-
scribed characteristics, are preferred.
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Further, in the present Invention, it is preferred that
the above-described inorganic oxide component have a
surface hydroxyl group concentration of 3 p mol/m2or
less, more preferab]y 1 to 0,005 u mol/m since the possi-
blllty of decrease in the polymerization activity per
titanium atom of the resulting catalyst composition
increases when the surface hydroxyl group concentra-
tion of the inorganic oxide component exceeds 3 p
mol/m?.

1-(A)-(a)-2 Pretreatment of Inorganic Oxide Compo-
nent

In order to lower the concentration of the hydroxyl
group on the surface of the inorgamc oxide component
to a level of 3 p mol/m? or less, it is preferred to per-
form the following pretreatments.

a) First method: After dehydration, the above de-
scribed inorganic component is incinerated at a temper-
ature of 600 ° C. or more for 1 hour or more, followed
by discharging the incinerating atmosphere.

b) Second method: The above-described inorganic
oxide component is contacted with an alcohol.

c) Third method: The above-described inorganic

oxide 1s contacted with a silicon halide and with an

alcohol sequentially in this order.
d) Fourth method: The above-described inorganic
component is contacted with a specified organic silicon.
In the present invention, it is preferred to carry out
the first method, and one of the second, third and fourth
methods in combination.

1-(A)-(a)-2-1 Silicon Halide
As for the silicon halide, the following compounds
can be used.

(Siin(H)m(X)! or (Si)o(R)p(X)q

where ], m, n, 0, p and g each represent a positive num-
ber provided that m+1=2n+2, and p+q=20+2, R
represents an alkyl group or an alkenyl group, and X
represents a fluorine atom, a chlorine atom, a bromine
atom or an iodine atom. |

Suitable examples of the silicon halide include silicon
chlorides such as SiCl4. SizClg. Si3Clg, SigClig, SiHCI3,
CH381Cl, (CH;j3)3SiCl, (CH3)3SiCl, CH;SiCls,
(C2H5)281Cly, (C2Hs)3S1Cl, etc., silicon fluorides, bro-
mides and iodide which are obtained by substituting the
chlorine atom(s) in the silicon chlorides by fluorine
atom(s), bromine atom(s) or iodine atom(s). Of these,
the silicon chlorides are preferred, with SiCigs,
CH3Si1Cl3, (CH3)2SiClhand (CH3)3SiCl being particu-
larly preferred.

‘The silicon halide which is contacted with the above
Inorganic oxide component can be used in an excessive
amount with respect to the inorganic oxide component.
Usually, the silicon halide is used in an amount of 1 to
100 mols, preferably 1 to 50 mols, per mol of the ele-
ment belonging to Group II, III or IV of the periodic
table.

The temperature at which the inorganic oxide com-
ponent is contacted with the silicon halide preferably is
0° to 200 ° C. When the contact temperature is high,
e.g., as high as 300 ° C., heat decomposition of the sili-
con hahde tends to occur and thus is undesirable.

The inorganic oxide component and the silicon halide
can be contacted as they are, or they are contacted with
each other in an hydrocarbon solvent such as hexane,
heptane, benzene, toluene, xylene, etc.

The period of time for which the inorganic oxide
component and silicon halide are contacted usually is
from 5 minutes to 24 hours. It is advantageous to carry

5,330,949

10

15

20

235

30

35

45

50

35

65

include halogen atoms such as —F, —C],

6

out the contact in an atmosphere of an inert gas such as
nitrogen gas.

After contacting, it is preferred to wash the inorganic
oxide component by decantation since washing treat-
ment permits contact with an alcohol which follows to
proceed advantageously. The above-described hydro-
carbon solvents can be used as a solvent for washing.

Then, the inorganic oxide component contacted with
the silicon halide can be further contacted with an alco-
hol, if desired.

1-(A)-(a)-2-2 Organic Silicon

The organic silicon which can be used in the present
invention is a compound which is represented by for-
mula |

(R1);3S1X

wherein R!represents an alkyl group, a phenyl group or
a vinyl group, X represents a group which can react
with a hydroxyl group present on the surface of the
above-described inorganic oxide component.

Suitable examples of the compound represented by
the above formula include alkyl groups such as a methyl
group, an ethyl group, a propyl group, a pentyl group,
a hexyl group, a heptyl group, etc., a phenyl group, a
vinyl group and the like. Of these, alkyl groups are
preferred, with a methyl group being particularly pre-
ferred.

Suitable examples of the group represented by X
—Br, etc,,
alkoxy groups such as —OCH3, —OC;Hs, ---0CH3H5,
—O0OC4H5, —OCg¢Hs, —OC¢H4CH3, etc., amino groups
such as ~—~NH;, ~—NH(CH3);, —NH(C;Hjs),
—N(C2Hs),, —NHSi(CH3)s, etc., and other groups
such as —(CH3),Cl, —(CH;)3C]l, —(CH,);NH,,
—02CCH3, —(CH3)SH, etc. Of these, halogen atoms
are preferred, with a chlorine atom being particularly
preferred. The three R!ls in the above formula may be
the same or different.

Among the organic silicon compounds, trimethyl-
chlorosiane is preferred.

The same conditions as in the case of the silicon hal-
ide can be used with respect to the amount of the or-
ganic silicone which is to be contacted with the inor-
ganic oxide component, the temperature at which the
inorganic oxide component and the organic silicone are

contacted, use of solvents upon such contacting, and the
like.

1-(A)-(a)2-3 Alcohol |

When the inorganic oxide component which has been
contacted with the silicon halide is further contacted
with an alcohol, the titanium compound supported on
the carrier is prevented from being inactivated and
therefore decrease in titanium which is effective to
polymerization of polyolefins.

As for the alcohol, monohydric alcohols and poly-
hydric alcohols can be used.

Suitable examples of the monohydric alcohols in-
clude saturated aliphatic alcohols such as methanol,
ethanol, propanol, isopropanol, butanol, pentanol, etc.,
unsaturated aliphatic alcohols such as allyl alcohol,
crotyl alcohol, etc., alicyclic alcohols such as cyclopen-
tanol, cyclohexanol, etc., aromatic alcohols such as
benzyl alcohol, cinnamyl alcohol, etc., heterocyclic
alcohols such as furfuryl alcohol, etc. Suitable examples
of the polyhydric alcohols include ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol,
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glycerol, etc. Of these, aliphatic alcohols are preferred,

and more preferred are methanol, ethanol and propanol.
Usually, the amount of the alcohol to be contacted
with the inorganic oxide component which has been

contacted with the silicon halide is 1 to 100 mols per
mol of the silicon halide contacted with the inorganic
oxide component.

It 1s preferred to contact the inorganic oxide compo-
nent with the alcohol in an inert gas atmosphere such as
nitrogen gas. The temperature at which the inorganic
oxide component and the alcohol are contacted may be
in the range of between room temperature and reflux
temperature. Usually the contacting is carried out at
reflux temperature. The contacting time is not limited
particularly, and it is preferred that the contacting is
carried out under reflux for from 0.5 to 24 hours.

After completion of the reaction upon the contacting,
it 1s preferred to sufficiently wash the inorganic oxide
component with the alcohol or the above-described
solvent for washing.

After completion of the contacting of the alcohol and
the inorganic oxide component, it is preferred to suffi-
ciently separate the resulting solid component from the
alcohol.

If the alcohol remains in the solid component, there
could occur reaction between the remaining alcohol
and a magnesium salt of fatty acid or magnesium alkox-
ide which 1s added in the subsequent step, giving rise to
adverse influence on the activity of the resulting cata-
lyst. It is therefore preferred that the solid component
which are separated be dried well.

1-(A)-(a)-3 Magnesium Alkoxide and Magnesium Salt
of Fatty Acid

In the present invention, the solid component (a)
composed of a magnesium alkoxide and/or magnesium
salt of a fatty acid supported on the inorganic oxide
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component which, if desired, has been pretreated as 40

described above is used as a carrier for catalyst.

. As for the magnesium alkoxide, known magnesium
alkoxides which are used as a carrier for catalysts em-
ployed in the polymerization of olefins of this kind can
be used 1n the present invention.

Of various known magnesium alkoxides, those which
are represented by formula (I) are preferred.

Mg(OR}){OR%),_; (1)
wherein R2and R3, which may be the same or different,
each represents an alkyl group having 1 to 10 carbon
atoms, a cycloalkyl group having 5 to 10 carbon atoms,
an aryl group having 6 to 10 carbon atoms or an aralkyl
group having 7 to 10 carbon atoms, and t is a real num-
ber of from 0 to 2.

Suitable examples of the magnesium alkoxide repre-

sented by formula (I) include Mg(OCHj3),,
Mg(OC,Hs)s, Mg(OC3H37),, Mg(OCsHy);,
Mg(OCeHi3)2, Mg(OCsgH17)2,

CHj3

Mg(O 32, Mg(O )2,

45
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8
-continued
CH;
Mg(O )2, Mg(OCH3}OC3Hs),
ME(OCHs)(OO), Mg(OCHs)(O‘-@‘ CHQ),
MS(OCH::HS)(O" ,
Mg(OCeH, 1)(0')-
etc.

Of these, dialkoxymagnesiums having an alkoxy
group such as a lower alkyloxy group as a substituent
are preferred.

‘The magnesium of a fatty acid is supported on the
above inorganic oxide component in place of the mag-
nesium alkoxide or together therewith.

Suitable examples of the magnesium salt of a fatty
acid include magnesium palmirate, magnesium stearate,
magnestum behenate, magnesium acrylate, magnesium
adipate, magnesium acetylenedicarboxylate, magne-
sium acetoacetate, magnesium azelate, magnesium ci-
trate, magnesium glyoxalate, magnesium glutarate,
magnesium crotonate, magnesium succinate, magne-
sium isovalerate, magnesium isobutyrate, magnesium
octanoate, magnesium valerate, magnesium decanoate,
magnesium nonanoate, magnesium dococenoate, mag-
nesium undecenoate, magnesium elaidinate, magnesium
linolate, magnesium hexanoate, magnesium heptanoate,
magnesium myristate, magnesium laurate, magnesium
butyrate, magnesium oxalate, magnesium tartarate,
magnesium tetrolate, magnesium hydroacrylate, mag-
nesium pimelate, magnesium pyruvate, magnesium fu-
marate, magnesium propionate, magnesium maleate,
magnesium malonaldehydate, magnesium malonate,
etc. Of these, magnesium salts of saturated aliphatic
acids are preferred, and magnesium sterate, magnesium
octanoate, magnesium decanoate and magnesium lau-
rate are particularly preferred.

1-(A)-(a)-4 Supporting Method

Various methods can be used for supporting the mag-
nesium alkoxide and/or magnesium salt of a fatty acid
on the surface of the inorganic oxide component.

According to a preferred method, the inorganic oxide
component which has been optionally subjected to the
above-described pretreatment is contacted with a mix-
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ture composed of at least one member selected from the
group consisting of a hydrocarbon, an electron donat-
ing compound and an alkoxytitanium and the magne-
stum alkoxide and/or magnesium salt of a fatty acid
dissolved or dispersed in the above member.

The above-described mixture can be prepared in vari-
ous manners as follows.

(1) When an alcohol as an electron donating com-
pound and a hydrocarbon are used, an alcohol, a hydro-
carbon and a magnesium alkoxide are mixed such that
the amount of the alcohol is about 1 mol or more per
mol of the magnesium alkoxide, and the resulting mix-
ture 1s heated.

(2) When an alkoxytitanium such as tetraalkox-
ytitanium is used as an electron donating compound, an
alkosytitanium and a magnesium alkoxide are mixed
such that the amount of the alkoxytitanium is 0.5 mol or
more, preferably 0.5 to 10 mols and more preferably 0.5
to 5 mols, per mol of the magnesium alkoxide.

(3) A magnesium salt of a fatty acid and a hydrocar-
bon are mixed and the resulting mixture is heated.

Suitable examples of the hydrocarbon include alil-
phatic hydrocarbons such as pentane, hexane, octane,
decane, dodecane, tetradecane, kerosene, ligroen, pe-
troleum ether, etc., alicyclic hydrocarbons such as cy-
clopentane, methylcyclopentane, cyclohexane, methyl-
cyclohexane, cyclohexane, etc., aromatic hydrocarbons
such as benzene, toluene, xylene, ethylbenzene, cumene,
cymene, etc., halogenated hydrocarbons such as dichlo-
roethane, dichloropropane, trichloroethylene, carbon
tetrachloride, chlorobenzene, etc. and the like. Among
these, hexane, heptane, octane, etc. are preferred.

Suitable examples of the electron donating compound
include aliphatic alcohols, aromatic alcohols, ethers,
~ aldehydes, ketones, carboxylic acids, carboxylic acid
anhydrides, acid halides, amines, amides, nitriles, iso-
cyanates, etc. Of these, alcohols, particularly methanol,
ethanol, etc. are preferred.

Preferred examples of the alkoxytitanium include
tetraalkoxytitaniums such as tetramethoxytitanium, tet-
raecthoxytitanium, tetra-n-butoxytitanium, tetraiso-
propoxytitanium, etc.

In the above-described supporting method, the tem-
perature at which the above-described mixture is con-
tacted with the inorganic oxide component is, for exam-
ple, from 0° to 300 ° C., preferably from 0° to 200 ° C.
and more preferably from 10° to 180 ° C., and the con-
tacting time is from 0.5 to 24 hours and preferably 5 to
24 hours.

- Upon the contacting, the above-described mixture
‘can be used in an amount of from 0.5 to 20 mmol as
magnesium per gram of the inorganic oxide component.
In the case of the magnesium salt of fatty acid, it can be
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‘the 1norganic oxide component.

Alternatively, another method for supporting the
magnesium alkoxide and/or magnesium salt of fatty
acid on the inorganic oxide component can be used in
which metal magnesium and R20OH and/or R30H (R?
and R3, which may be the same or different, each repre-
sents an alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 5 to 10 carbon atoms, an aryl
group having 6 to 10 carbon atoms or an arakyl group
having 7 to 10 carbon atoms) are reacted, optionally in
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the presence of at least one member selected from the

group consisting of the above-described hydrocarbon,
electron donating compound and alkoxytitanium to

10

from an alkoxymagnesium, which then is contacted
with the inorganic oxide component.

In order to well support the magnesium alkoxide
and/or magnesium salt of fatty acid on the inorganic
oxide component, it is preferred to use a depositing
agent regardless of whichsoever method is employed.

That 1s, 1t 1s advantageous to add a depositing agent to
a mixture composition obtained by contacting a mixture
of the inorganic oxide component, which has been op-
tionally subjected to the above-described pretreatment,
with a mixture composed of at least one member se-
lected from the group consisting of hydrocarbon, an
electron donating compound and an alkoxytitanium and
the magnesium alkoxyde and/or magnesium salt of a
fatty acid dissolved of dispersed in the above member,
and then separate the resulting solid component (a) as
by decantation. :

Suitable examples of the depositing agent include
lower alcohols such as methanol, ethanol, propanol,
butanol, pentanol, etc.

In the case where a mixture containing a magnesium
alkoxide and/or magnesium salt of a fatty acid using a
tetraalkoxytitanium, it is preferred to use a lower alco-
hol which has an alkyl moiety having a carbon atom
number smaller than that of the alkyl moiety contained
in the tetraalkoxy-titanium.

The depositing agent is used in an amount sufficient
for depositing a magnesium alkoxide and/or magnesium
salt of a fatty acid on a carrier for catalyst for use in the
polymerization of olefins.

For getting preferable solid component (a), it is not
admired to contact the inorganic oxide component con-
taining the magnesium alkoxide and/or magnesium salt
of a fatty acid with the depositing agent simultaneously
since the activity for polymerization of the catalyst
metal supported decreases undesirably.

The solid component (a) thus obtained, either com-
posed of composite inorganic oxide alone or composed
of a mixture of the inorganic oxide and the composite
inorganic oxide, preferably contains from 0.1 to 20% by
weight, more preferably from 0.5 to 10% by weight as
magnesium atom of the magnesium alkoxide and/or
magnesium salt of a fatty acid based on the total weight
of the inorganic oxide(s) which is (are) used as a carrier.

1-(A)-(b) Electron Donating Compound (b)

As for the electron donating compound (b) which is
a starting material for preparing the solid catalyst com-
ponent (A), there can be used organic compounds hav-
ing an electron donating group containing an oxygen
atom, a nitrogen atom or a sulfur atom.

Suitable examples of the electron donating compound
(b) include amines, amides, ketones, nitriles, phosphines,
phosphorylamides, esters, ethers, thioethers, thioesters,
acid anhydrides, acid halides, acid amides, aldehydes,
organic acids, etc. |

- Specific examples thereof include organic acids such
as aromatic carboxylic acids, e.g., benzoic acid, p-
oxybenzoic acid, etc., acid anhydrides such as succinic
anhydride, benzoic anhydride, p-toluylic anhydride,
etc., ketones having 3 to 15 carbon atoms such as ace-
tone, methyl ethyl ketone, methyl isobutyl! ketone, ace-
tophenone, benzophenone, benzoquinone, etc., alde-

hydes having 2 to 15 carbon atoms such as acetalde-

hyde, propinaldehyde, octaldehyde, benzaldehyde, to-
lualdehyde, naphthaldehyde, etc., monoesters such as
methyl formate, methyl acetate, ethyl acetate, vinyl
acetate, propyl acetate, octyl acetate, cyclohexyl ace-
tate, ethyl propionate, ethyl butyrate, ethyl valerate,
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methyl chloroacetate, ethyl dichloroacetate, methyl
methacrylate, ethyl crotonate, ethyl pivalate, dimethyl
maleate, methyl benzoate, ethyl benzoate, propyl ben-
zoate, butyl benzoate, octyl benzoate, cyclohexyl ben-
zoate, phennyl benzoate, benzyl benzoate, methyl
toluylate, ethyl toluylate, amyl toluylate, ethyl ethyl-
benzoate, methyl anisate, ethyl aniste, ethyl ethoxyben-
zoate, ethyl p-butoxybenzoate, ethyl o-chlorobenzoate,
ethyl naphthoate, etc., aromatic diesters such as di-
methyl phthalate, diethy! phthalate, dipropyl phthalate,
diisobuthyl phthalate, methyl ethyl phthalate, methyl
propyl phthalate, methyl isobutyl phthalate, ethyl pro-
pyl phthalate, ethyl isobutyl phthalate, propy! isobutyl
phthalate, dimehyl terephthalate, diethyl terephthalate,
dipropyl terephthalate, diisobutyl terephthalate, methyl
ethyl terephthalate, methyl propyl terephthalate,
methyl isobutyl terephthalate, ethyl propyl terephthal-
ate, ethyl isobutyl terephthalate, dimethyl isophthalate,
diethyl isophthalate, dipropyl isophthalate, diisobutyl
isophthalate, methyl ethyl isophthalate, methyl propyl
1sophthalate, methyl isobutyl isophthalate, ethyl propyl
1sophthalate, ethyl isobutyl isophthalate, propyl isobu-
tyl isophthalate, etc., esters having 2 to 18 carbon atoms
such as 7y-butyrolactone, &-valerolactone, coumarine,
phthalide, ethylene carbonate, etc., acid halides having
2 to 15 carbon atoms such as acetyl chloride, benzyl
chlonde, toluyl chloride, anisyl chloride, etc., ethers
having 2 to 20 carbon atoms such as dimethyl ether,
diethyl] ether, diisopropyl ether, di-n-butyl ether, diamyl
ether, tetrahydrofuran, anisol, diphenil ether, ethylene
glycol butyl ether, etc., acid amides such as acetamide,
benzoic acid amide, toluylic acid amide, etc., amines
such as tributylamine, N,N’-dimethylpiperazine, triben-
zylamine, aniline, pyridine, picoline, tetramethyleth-
lenediamine, etc., nitriles such as acetonitrile, benzoni-
trile, tolunitrile, etc., and the like.

Among them, esters, ethers, ketones, acid anhydrides,
etc. are preferred. More preferred electron donating
compounds inciude alkyl esters of an aromatic carbox-
vlic acid, e.g., alky! (1 to 4 carbon atoms) ester of an
aromatic carboxylic acid such as benzoic acid, p-
methoxybenzoic acid, p-ethoxybenzoic acid, toluylic
acid, etc., diester of an aromatic carboxylic acid such as
dipropyl phthalate, diisobuty! phthalate, etc., aromatic
ketones such as benzoquinone, etc., aromatic carboxylic
acid anhydrides such as benzoic anhydride, etc., ethers
such as ethylene glycol butyl ether, etc.

1-(A)-(c) Titanium Halide Compound (c)

As for the titanium halide compound is one of the
starting materials for preparing the solid catalyst com-
ponent (A), there can be used a compound represented
by the following formula

Ti(OR%)4—uXu

wherein R? represents an alkyl group having 1 to 10

carbon atoms, a cycloalkyl group having 3 to 10 carbon
atoms, an aryl group having 6 to 10 carbon atoms, or an
aralkyl group having 7 to 10 carbon atoms, X represents
a halogen atom, and u 1s a real number of from 0 to 4.

Specific examples of the titanium halide compound
represented by the above formula include titanium tet-
rahalides such as TiCly, TiBr4, Tilg, etc., alkoxytitanium
trihalides such ‘as Ti(OCH3)Cl;, Ti(OCyHs)Cls, (n-
CsHoO)TiCls, Ti(OCyHs)Brs, etc., alkoxytitanium di-
halides such as Ti(OCH3),Cl;, Ti(OC3yHjs)Cly, (n—Ca.
H90).TiCly;, Ti(OC3H7):Cl,, etc., trialkoxytitanium
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12
monohalides such as Ti(OCH;3);Cl, Ti(OC;H;5)3Cl, (n-
CsHs0)3T1Cl, T1(OCH3)3Br, etc.

These caun be used singly or as mixtures.

Of these, those having a high halogen content are
preferred, with titanium tetrachloride being particularly
preferred.

1-(A)-(d) Preparation of Solid Catalyst Component
(A)

The solid catalyst component (A) can be prepared,
for example as follows:

That is, the solid component (a), the electron donat-
ing compound (b) and the titanium halide (c) are con-
tacted with each other, if desired in the presence of the
solvent (d) such as a halogenated hydrocarbon, etc., at
a temperature of generally from 0° to 200 ° C,, prefera-
bly 10° to 150 ° C., for from 2 minutes to 24 hours to
form a solid catalyst component (A).

In this case, the electron donating compound (b)
and/or the titanium halide (¢) can co-exist in an interme-
diate stage for preparing the solid component (a) or at

first the solid component (a) can be reacted with the

electron donating compound and then the product is
contacted with the titanium halide (c).

1-(A)-(d)-1 Solvent (d) |

As for the solvent (d), there can be used those organic
solvents which are inert to the magnesium compound
(a), the electron donating compound (b) and titanium
halide (c), for example, aliphatic hydrocarbons such as
hexane, heptane, etc., aromatic hydrocarbons such as
benzene, toluene, etc., and halogenated hydrocarbons.

The halogenated hydrocarbons which can be used
include for example, mono- and polyhalogenated deriv-
atives of saturated or unsaturated aliphatic hydrocar-
bons having 1 to 12 carbon atoms, saturated or unsatu-
rated alicyclic hydrocarbons having 3 to 12 carbon
atoms and aromatic hydrocarbons having 6 to 12 car-
bon atoms.

Specific examples of the halogenated hydrocarbons
belonging to the aliphatic hydrocarbon compound in-
clude methyl chloride, methy! bromide, methyl iodide,
methylene chloride, methylene bromide, methylene
todine, chloroform, bromoform, iodoform, carbon tet-
rachloride, carbon tetrabromide, carbon tetraiodide,
ethyl chidride, ethyl bromide, ethyl iodide, 1,2-
dichloroethane, 1,2-dibromoethane, 1,2-diiodoethane,
methylchloroform, methylbromoform, methyl;:-
odoform, 1,1,2-trichloroethylene, 1,1,2-tribromoethy-
lene, 1,1,2,2-tetrachloroethylene, pentachloroethane,
hexachloroethane, hexabromoethane, n-propy! chio-
ride, 1,2-dichloropropane, hexachloropropylene, octa-
chloropropane, decabromobutane, chlorinated paraffin,
eicC.

Specific examples of halogenated hydrocarbons be-
longing to the allcyclic compound include chlorocyclo-
propane, tetrachlorocyclopentane, hexachloro-
cyclopentadiene, hexachlorocyclohexane, etc.

Specific .examples of halogenated hydrocarbons be-
longing to the aromatic compounds include chloroben-
zene, bromobenzene, o-dichlorobenzene, p-dichloro-
benzene, hexachlorobenzene, hexabromobenzene, ben-
zotrichloride, p-chlorobenzotrichloride, etc.

These compounds can be used singly or two or more
of them can be used in admixture. '

Of the above-described halogenated hydrocarbons,
halogenated aliphatic hydrocarbons are preferred, with
dihalogenated aliphatic hydrocarbons such as 1,2-
dichloroethane, methylene chloride, etc. being particu-
larly- preferred.
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Preferred examples of the solvent (d) include ali-
phatic hydrocarbons such as n-heptane, etc.

1-(A)-(e)-2 Amount of Metal Supported in Solid Cat-
alyst Component (A)

The solid catalyst component (A) thus obtained pref-
erably contains titanium atom in an amount of from 0.1
to 20% by weight, more preferably from 0.5 to 10% by
weight. |

1-(B) Organic Metal Compound

The catalyst which is used in the method of the pres-
ent invention are comprised of the solid catalyst compo-
nent (A), the organic metal compound (B) and the elec-
tron donating compound (C).

As for the organic metal compound (B), various com-
pounds are known and there is no limitation to use such
known compounds. Examples of the metal contained in
the organic metal compound include lithium, sodium,
potassium, zinc, cadmium, aluminium, etc. Aluminium
1s particularly preferred. That is, organic aluminium
compounds are preferred as the organic metal com-
pound.

1-(B)-1 Orgamc Aluminium

As for the organic aluminium compound, there can
be widely used a compound represented by formula

AlRYVX;3_,

ALR4X4

wherein R#* represents an alkyl group having 1 to 10
‘carbon atoms, a cycloalkyl group having 3 to 10 carbon
atoms or an ary!l group having 6 to 10 carbon atoms, X
represents a halogen atom such as a chlorine atom, a
bromine atom, etc., and v is a real number of from 1 to
3.

Specifically, preferred examples of the aluminium
compound represented by the above formulae include
trialkyi-aluminiums such as trimethylaluminium, trie-
thylalumimium, tritsopropylaluminium,
triisobutylaluminium, trioctylaluminium, etc., dialk-
ylaluminium monohalides such as diethlaluminium
monochioride, diuisopropylaluminium monochloride,
diisobutylaluminium monochioride, dioctylaluminium
monochloride, etc., alkylaluminium sesquihalides such

as ethylalummmm sesthahde etc. and mixtures
thereof.

1-(C) Electron Donating Compound (C)

As for the electron donating compound (C), there can
be used organic compounds which contain oxygen,
nitrogen, phosphor or sulfur, and organic silane com-
pounds. The compounds examplified in 1-(A)-(b) above
can be used as such organic compounds.

As for the organic silane compound, there can be
used those compounds which contain Si—O--C bond-
ing, for example, alkoxysilanes, aryloxysilanes, etc. Ex-
amples of such compounds are silicic acid esters repre-
sented by formula

(R)WSi(OR®)4_

wherein R represents an alkyl group, a cycloalkyl
group, an aryl group, an alkenyl group, a haloalkyl
group, an aminoalkyl group or a halogen atom, R rep-
resents an alkyl group, a cycloalkyl group, an aryl
group, an alkenyl group or an alkoxyalkyl group, and w
1s 0=w=3, provided that when there are plural (R3)’s
they may be the same or different.

Other examples of the organic silane compound in-
clude siloxanes having a group OR?¢ or silyl esters of a
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carboxylic acid and the like. Yet another examples of
the organic silane compound include those compounds
which have been converted to an organic silane com-
pound having an Si—O—C bonding by reacting a sili-
con compound not containing an S1—O—C bonding
with a compound containing an O—C bonding previ-
ously or during the polymerization of a-olefins. For
example, a combination of SiCls and an alcohol can be
used.

Specific examples of the organic silane compound
containing an Si—O—C bonding include trimethyime-
thoxysilane, trimethylethoxysilane, dimethyldimethox-
ysilane, dimethyldiethoxysilane, diphenyldimethoxysi-
lane, methylphenyldimethoxysilane, diphenyldiethox-
ysilane, ethyltrimethoxysilane, vinyltrimethoxysilane,
phenyltrimethoxysilane, ‘-
chloropropyltrimethoxysilane, methyltriethoxysilane,
ethyltriethoxysilane, vinyltriethoxysilane, butyltrie-
thoxysilane, phenyltriethoxysilane, y-aminopropyltrie-
thoxysilane, chlorotriethoxysilane, ethyltriisopropox-
ysilane, vinyltributoxysilane, ethyl silicate, butyl sili-
cate, trimethylphenoxysilane, methyltriallyloxysilane,
vinyltris (8-methoxy-ethoxy) silane, vinyltriacetoxysil-
ane, dimethyltetraethoxy-disiloxane, etc.

The above-described various electron donating com-
pounds (C) can be used singly or two or more of them
can be used in combination.

Of the electron donating compound (C), preferred
are esters, ethers, ketones, acid anhydrides, organic
silane compounds containing an Si~—O—C bonding.

Particularly, alkyl esters of aromatic carboxylic acids,
for example, an alkyl ester of an aromatic carboxylic
acid such as benzoate, p-methoxybenzoate, p-ethox-
ybenzoate, toluylate, etc. having 1 to 4 carbon atoms in
the alkyl moiety, phenydialkoxysilanes such as di-
phenyldimethoxysilane, etc. are preferred. Also, aro-
matic ketones such as benzoquinone, etc., aromatic
carboxylic acid anhydrides such as bonzoic anhydride,
etc., ethers such as ethylene glycol butyl ether, etc. are
preferred

The electron donating compound (C) may be the
same as or different from the electron donating com-

pound (b) used in the preparation of the solid catalyst
component (A).

1-2 Composition of Catalyst Component

Various components of the catalyst for the polymeri-
zation of olefins are contained in amounts set forth
below. Usually, the solid catalyst component (A) is used
in an amount of from 0.001 to 1 mmol/1 as titanium. The
organic metal compound (B) is contained in an atomic
ratio of metal/titanium of from 1 to 1000, preferably
from 5 to 500. The electron donating compound (C) is
used in an amount of electron donating compound (C)
/titanium of from 0.01 to 100 (mol/atom).

In the method of the present invention, use of a cata-
lyst comprising an aromatic dicarboxylic acid ester as a
raw material of the solid catalyst component and an
organic silane compound containing an Si—O-—C
bonding as the electron donating compound gives rise
to maximized activity.

2 Polymerization

In the present invention, a-olefin is polymenzed in
the presence of the above-described catalyst to produce
polyolefins. -

As the a-olefin, there can be used those represented
by formula
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R’—CH=CH;

wherein R7 represents a hydrogen atom, an alkyl group
having 1 to 20 carbon atoms or a cycloalkyl having 3 to
20 carbon atoms. |

Specific examples of such a-olefin include straight
chain monoolefins such as ethylene, propylene, butene-
1, pentene-1, octene-1, etc., branched chain monoolefins
such as 4-methylpentene-1, etc., and vinylcyclohexene,
etc.

The a-olefin which 1s subjected to polymerization
reaction can be used either singly to form a homopoly-
mer or in combination of two or more of them to form
a random or so-called block copolymer.

Upon copolymerization, a-olefin(s) can be copoly-
merized with an unsaturated compounds such as a con-
jugated diene or an unconjugated diene.

The polymerization reaction used in the method of

the present invention can be carried out in a conven-
tional manner under conditions commonly used in the
field of polymerization of olefins.

Generally, a slurry polymerization method, a bulk
polymerization method, a vapor phase polymerization
method, etc. can be used.

The polymerization temperature i1s generally 20° to
100 ° C., preferably 40° to 90 ° C., and the polymeriza-
tion pressure is usually 1 to 100 Kg/cm?2G, preferably 5
to 50 Kg/cm?G.

Generally, the polymerization reaction can be carried
out by a solution polymerization method using as a
solvent an aliphatic, allcyclic or aromatic hydrocarbon
or a mixture thereof. Suttable examples of the solvent
include propane, butane, pentane, hexane, heptane, cy-
clohexane, benzene, etc. and mixtures thereof. Also, a
vapor phase polymerization method and a bulk poly-
merization method in which a liquid monomer itself is
used as a solvent, can be applied.

The molecular weight of polyolefin produced ac-
cording to the method of the present invention varies
depending on the manner of polymerization reaction,
catalyst system used, conditions for polymerization
applied, and can be controlled, if desired, by the addi-
tion of hydrogen gas, alkyl halides, dialkylzinc, etc.

Although description has been made hereinabove
relative to general polymerization reaction in the pres-
ence of a special catalyst of the present invention, the
method of the present invention can be employed to
produce various polyolefins having specific characteris-
tics as set forth hereinbelow by selecting the kind of the
a-olefin and adopting special polymerization proce-
dures.

2-1Propylene Two-Stage Polymerization Method

‘This method is to polymerize propylene in two stages
in the presence of the above-described catalyst.

‘In the first stage of the polymerization reaction, sub-
stantially polymerization of propylene occurs, and in
the second stage, polymerization of propylene and an
a-olefin other than propylene proceeds in the presence
of the propylene homopolymer prepared in the first
stage.

It should be noted that both when copolymerization
between propylene and an a-olefin other than propy-
lene 1s carried out in both the first and second stages,
and when copolymerization between propylene and an
a-olefin other than propylene is carried out in the first
stage and homopolymerization of propylene is carried
out in the second stage in the presence of the propylene
copolymer obtained in the first stage, no polymer that
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has a high, well balanced stiffness and impact strength
can be obtained. This is quite surprising.

Any type of polymerization method can be used. For
example, a vapor phase polymerization method, a bulk
polymerization method in which hiquid monomer itself
serves as a solvent, a slurry polymerization method, etc.
can be used. Of these, a slurry polymerization method is
preferred.

When the vapor phase polymerization method is
employed, a step of recovering a solvent for polymeri-
zation can be eliminated and as a result a step of dying
the resulting polymer can be simplified to a greater
extent.

If the polymerization reaction is carried out accord-
ing to a slurry polymerization method, the amount of
soluble polymers which are by-produced can be re-
duced.

The two-stage polymerization reaction can proceed
as follows.

That is, first and second reactors, for example, fluid-
ized bed reactors are connected in series. In the first
reactor, gaseous or liquid propylene 1s supplied to a
reaction system containing the above-described catalyst
while stirring the reaction system, and if desired, a hy-
drocarbon which i1s volatile but is not polymerizable
such as propane, butane, pentane, etc. is supplied in a
gaseous state to the reaction system so as to keep it in a
fluidized condition, and the polymerization in the first
stage 1s carried out by heating to a predetermined tem-
perature under a predetermined polymerization pres-
sure. In the second reactor, propylene and an a-olefin
other than propylene are supplied to the reaction prod-
uct transported directly from the first reactor or the
reaction product transported from the first reactor and
passed through a deaeration apparatus provided be-
tween the first and second reactors so as to remove
unused propylene and the litke gaseous components, and
the second stage polymerization reaction is carried out
at a predetermined polymernization temperature and at a
predetermined polymerization pressure while keeping
the reaction system in a fluidized condition. If desired, a
prepolymerization can be carried out in which a small
amount propylene is polymerized prior to the polymeri-
zation reaction in the first stage.

As for the a-olefin other than propylene, there can be
used straight chain monoolefins such as ethylene, .bu- -
tene-1, hexene-1, octene-1, etc., branches chain mono-
olefins such as 4-methylpentene-1, etc., and dienes such
as butadiene, etc. |

In order to obtain polymers having preferable prop-
erties, it is advantageous to use ethylene as the a-olefin
other than propylene.

The catalyst can be supplied in the form of a suspen-
sion in an inert solvent or an a-olefin. Hydrogen gas
which is used for controlling the molecular weight of
the product can be supplied to the reactor at a desired
position.

In the vapor polymerization method, the amount of a
gas to be supplied is preferably maintained such that the
flow rate of the gas is maintained in a range appropriate
for facilitating fluidization of the reaction bed, decreas-
ing the load of mechanical agitation and preventing the
occurrence of entrainment. Assuming that the minimum
fluidizing speed 1s Umf, it is preferred that the flow rate
of the gas be from about 0.1Umf to about 10 Umf{, pref-
erably from about 0.2 Umf to about 3 Umf.

The polymerization temperature is usually from 50°
to 90 ° C., preferably from 60° to 85 ° C., for the first
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stage polymerization, and it is usually 80 ° .C. or less,
preferably from 30° to 70 ° C. for the second stage
polymerization.

The polymerization pressure in each of the first and
second stage polymerization reactions varies depending
on the kind of the reactor, capability of removing the
reaction heat, type of the polymerization reaction, etc.
but usually is from 1 to 50 Kg/cm?2G.

In the first stage polymerization reaction, substan-
tially propylene is polymerized to produce a propylene
homopolymer.

In this case, the amount of the propylene homopoly-
mer produced 1s from 355 to 95% by weight, preferably
from 65 to 90% by weight, based on the total weight of
the polymer obtained after the second stage polymeriza-
tion reaction. This amount can be adjusted to a desired
level by controlling the second stage polymerization
reaction. |

It 1s preferred that the propylene homopolymer ob-
tained have an intrinsic viscosity number [n] of from 1.0
to 3.0 dl/g, preferably from 1.2 to 2.5 dl/g (135 ° C,,
tetralin solution).

When the propylene homopolymer has an intrinsic
viscosity number of below 1.0 gl/g, the polymer as a
final product has an increased viscosity and it is some-
times difficult to .carry out the polymerization reaction
continuously, and in addition the impact of the product
tends to decrease. On the other hand, when the propy-
lene homopolymer has an intrinsic viscosity number of
above 3.0 dl/g, the polymer finally obtained sometimes
has a decreased stiffness.

The propylene homopolymer having an intrinsic
viscosity number within the above-described range can
be prepared by controlling the concentration of hydro-
gen gas m the reactor used in the first stage polymeriza-
tion reaction.

Further, the propylene homopolymer prepared by
the first stage polymerization reaction preferably has an
1sotactic index (for short “L.1.”, indicating ratio of boil-
ing n-heptane-insoluble component) of 90% by weight
or more, and more preferably 95% by weight or more.
When LI is below 90 % by weight the propylene poly-
mer finally obtained tends to have a decreased stiffness.

The propylene homopolymer having I.I. within the
above-described range can be prepared by controlling
the molar ratio of the organic aluminium compound (b)
to the electron donating compound (¢).

The polymer obtained in the first stage polymeriza-
tton reaction may contain an ¢-olefin other than propy-
lene 1n an amount of 1 mol % or less.

In the second stage, it is presumed that mainly copo-
lymerization reaction between propylene and an a-ole-
fin other than propylene proceeds in the presence of the
propylene homopolymer prepared in the first stage, and
as a result a copolymer of propylene and an a-olefin
other than propylene is formed.

However, there is also a possibility that there occur
various other reactions such as a reaction in which the
molecular chain of the propylene homopolymer pre-
pared in the first stage is extended, a reaction in which
other a-olefin is polymerized to form a homopolymer, a
reaction in which a propylene homopolymer is freshly
prepared, and the like. If such side reactions could oc-
cur, the polymer obtained by the two-stage polymeriza-
tion reaction contain a propylene homopolymer and a
homopolymer of an a-olefin other than propylene in
admixture. If so, it is presumed that the side reactions
would occur in a very low chance.
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If side reactions could occur in the second stage, it is
presumed that after all when the second stage polymeri-
zation reaction is over, a mixture of a copolymer propy-
lene and and a-olefin other than propylene and a propy-
lene homopolymer is obtained.

In the second stage polymerization reaction, the co-
polymer which contains as a monomer unit an a-olefin
other than propylene in an amount of from 20 to 80%
by weight, preferably from 30 to 70% by weight, is
prepared such that the copolymer occupies from 45 to
0% by weight, preferably from 35 to 10% by weight,
based on the total weight of the mixture of the poly-
mers.

When the content of the a-olefin other than propy-
lene as a monomer unit in the mixture obtained is 20%
by weight, articles molded from the mixture produced
by thjs method have a decreased impact strength, and
when that content is above 80 % by weight, the stiffness
of the molded articles is reduced.

On the other hand, when the amount of the copoly-
mer prepared is above 45% by weight, the stiffness of
articles molded from the polymer mixture finally ob-
tained 1s decreased, while when that amount is below
3% by weight the impact strength of the molded arti-
cles 1s lowered.

The polymer mixture obtained preferably has an in-
trinsic viscosity number [n} of 2.0 dl/g or more, and
more preferably from 2.8 to 15 dl/g. When its intrinsic
viscosity number is below 2.0 dl/g, articles molded
from the polymer finally obtained tend to have a re-
duced impact strength.

The polymer mixture which has an intrinsic viscosity
number falling within the above-described range can be
prepared by controlling the concentration of hydrogen
gas in the reactor for polymerization reaction.

In the vapor phase polymerization method, nitrogen
gas can be passed to polymer powders taken out from
the polymerization reactor, as a post treatment after the
second stage polymerization reaction, in order to strip
out olefins contained in the powders. If desired, the
polymer powders can be pelletized using an extruder. In
this case, a small amount of water, alcohol, etc. can be
added 1n order to inactivate the catalyst completely. In
the slurry polymerization method, after the polymeriza-
tion reaction in the second stage, the polymer taken out
from the polymerization reactor can be completely
removed solvents and unused monomers, dried and
pelletized.

The polymer mixture obtained by the two-stage poly-
merization method as stated above can be molded into
articles having excellent, well balanced stiffness and
impact strength in contrast to a polymer blend obtained

~ by simply blending from 55 to 95% by weight of a

35
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propylene homopolymer and from 45 to 5% by weight
of a propylene copolymer separately prepared.

Since it has an excellent particle size distribution and
flow behavior, the propylene polymer produced by the
two-stage polymerization method can be transported in
the form of powder advantageously. |

Therefore, the propylene polymer produced accord-
ing to the method of the present invention not only are
suitable as a material for producing exterior and interior
automotive trims, domestic electric appliances, etc. but
also are conventent for transportation.

2-2 Method for Producing Propylene Random Co-
polymer

This method 1s to produce a propylene random co-
polymer containing an a-olefin other than propylene as
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a monomer unit in an amount of from 0.5 to 20% by
weight by copolymerizing propylene with the a-olefin
in the presence of the above-described catalyst.

In order to obtain a propylene random copolymer
having desired properties, it is preferred to use ethylene
and butene-1 as the a-olefin other than propylene.

In this method, the amount of propylene or of the
a-olefin other than propylene is controlled such that the
a-olefin other than propylene as a monomer unit is
contamed in the propylene random copolymer finally
obtained in an amount of from 0.5 to 20% by weight.

When the content of the a-olefin other than propy-

10

lene 1s below 0.5% by weight, films or sheets formed

from the propylene random copolymer sometimes have
a poor transparency and heat setting properties. On the
other hand, when the content of the other olefin is
above 20% by weight, the propylene random copoly-
mer tends to have a poor flow behavior.

In the range of the content of the a-olefin other than
propylene, a preferred range of that content varies de-
pending upon the kind of the a-olefin. For example, in
the case of propylene random copolymer from propy-
lene and ethylene, the content of ethylene as a monomer
unit 1s preferably from 0.5 to 8% by weight, more pref-
erably from 2 to 6% by weight. For the propylene
random copolymer from propylene, ethylene and bu-
tene-1, the content of ethylene as a monomer unit is
preferably from 0.5 to 5% by weight, more preferably
from 1 to 4% by weight, while the content of butene-1
as a monomer unit is preferably from 1 to 109 by
weight, more preferably from 1.5 to 8% by weight. For
the propylene random copolymer from propylene and
butene-1, the content of butene-1 as a monomer unit is
preferably from 1 to 209 by weight, more preferably
from 3 to 159% by weight.

The same type of polymerization reactions as for the
propylene two-stage polymerization method described
in 2-1 above can be used for producing a propylene
random copolymer.

The procedures of this polymerization proceeds, for
example as follows.

That 1s, propylene and an a-olefin other than propy-
Iéne are supplied to the reaction system and a polymeri-
zation reaction is carried out at a predetermined poly-
merization temperature and at a predetermined poly-
merization pressure while keeping the reaction system
in a fluidized condition. If desired, a prepolymerization
can be carried out in which a small amount of propylene
is polymerized prior to the polymerization reaction, or
polymerization reaction can be carried out after poly-
propylene powders obtained by the prepolymerization
are added to the reaction system.

The catalyst components can be supplied in the form
of a suspension in an inert solvent or an a-olefin. Hydro-
gen gas which is used for controlling the molecular
weight of the product to the reactor at a desired posi-
tion.

In the vapor polymerization method, the amount of a
gas to be supphed 1s preferably maintained such that the
flowrate of the gas is maintained in a range appropriate
for facilitating fluidization of the reaction bed, decreas-
ing the load of mechanical agitation and preventing the
occurrence of entrainment. Assuming that the minimum
fluidizing speed is represented by Umf, it is preferred
that the flow rate of the gas be from about 0.1 to about
10 Umf, preferably from about 0.2 Umf to about 3 Umf

The polymerization temperature is usually 80 ° C. or
less, preferably from 30° to 70 ° C.
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The polymerization pressure varies depending on the
kind of the catalyst used, retention time thereof, charac-
teristics of the reactor, capability of removing the reac-
tion heat, type of the polymerization reaction, etc. but
usually is from 1 to 50 kg/cm3G.

The propylene random copolymer thus obtained gen-
erally has an intrinsic viscosity number [n] of 1.0dl/g or
more, and it 1s preferred that the copolymer has an
intrinsic viscosity number of from 1.2 to 3 dl/g when it
1s for forming films.

The propylene random copolymer having an intrinsic
viscosity number falling within the above-described
range can be prepared by controlling the concentration
of hydrigen gas in the polymerization reactor.

Substantially the same post treatments as in the prop-
ylene two-stage polymerization method in 2-1 above
can be used.

The propylene polymer obtained by the method of
the present invention in most cases is a random copoly-
mer of propylene and an a-olefin other than propylene
and has excellent powder flowability and particle size
distribution. The propylene random copolymer has an
improved low temperature heat sealing property and
can be transported in the form of powder advanta-
geously. |

Therefore, the propylene random copolymer ob-
tained by this polymerization method is suitable as a
material for producing molded articles such as film,
sheets, etc.

2-3 Polymerization of Butene-1

This polymerization method is to polymerize butene-
1 alone or butene-1 and an a-olefin other than butene-1
in the presence of the above-described catalyst to pro-
duce a butene-1 homopolymer or butene-1 copolymer.

When production of butene-1 homopolymer is in-
tended, butene-1 alone is supplied to a polymerization
reactor and polymerization reaction is carried out in a
conventional manner.

On the other hand, when it is intended to produce
butene-1 random copolymer, butene-1 and an other
olefin are supplied to a reaction reactor such that the
content of butene-1 as a monomer unit in the copolymer
1s from 60 to 99.5% by weight, preferably from 70 to
98% by weight, and then polymerization reaction is
carried out.

In this case, similar polymerization procedures to
those in the propylene two-stage polymerization
method in 2-1 above can be used. That is, there can be
used a first stage polymerization treatment in which an
a-olefin other than butene-1 is homopolymerized and a
second polymerization treatment in which a copoly-
merization of butene-1 or butene-1 and an other olefin in
the presence of the homopolymer prepared in the first
stage.

Suitable examples of the other olefin which can be
used include straight chain monoolefins such as propy-
lene, ethylene, hexene-1, octene-1, etc., branched chain
monoolefins such as 4-methylpentene-1, etc., dienes
such as butadiene, etc., and the like.

In order to obtain polymers having desirable proper-
ties, 1t 1s advantageous to use propylene as the a-olefin
other than butene-1.

The same type of polymerization reactions as for the
propylene two-stage polymerization method described
in 2-1 above can be used for producing a butene-1 poly-
mer.

The polymerization procedures are substantially the
same as those used in the propylene two-stage polymeri-
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zation method described in 2-1 above. In this case, the
amount of the homopolymer of the olefin other than
butene-1 such as propylene homopolymer prepared in
the first stage is such that the homopolymer occupies
from 0.5 to 30% by weight, preferably from 2 to 15 %
by weight based on the total weight of the product
finally obtained in the second stage.

The homopolymer preferably has an intrinsic viscos-
ity number[n] of from 1.0 to 6.0 dl/g, preferably from
1.2 to 5.0 dl/g, (135 ° C,, tetralin solution). When this
intrinsic viscosity number is below 1.0 dl/g the polymer
mixture finally obtained tends to have an increased
tackiness resulting in that continuous polymerization is
difficult to carry out. On the other hand, when the
Intrinsic viscosity is above 6.0 dl/g the polymer mixture
finally obtained sometimes has a poor appearance.

In addition, it is preferred that the homopolymer has
L1 of 90% by weight or more, and more preferably
95% by weight or more. When its L1. is below 90% by
welght the polymer mixture finally obtained has an
increased tackiness and it is sometimes difficult to carry
out polymerization continuously.

By the second stage polymerization procedures, a

10

15

20

butene-1 homopolymer or a copolymer of butene-1 and

an other a-olefin can be obtained. That is, the butene-1
homopolymer or butene-1 copolymer containing the

other a-olefin as a monomer unit in an amount of from

0.5 to 30% by weight, preferably from 1 to 20% by
weight is prepared such that the homopolymer or the
copolymer occupies from 99.5 to 70% by weight, pref-
erably from 98 to 85%, based on the total weight of the
polymer mixture finally obtained by the two-stage poly-
merization method.

When the content of the a-olefin other than butene-1
such as propylene as a monomer unit is below 0.5% by
weight, the polymer finally obtained by this method
shows a decreased rate of crystal transformation resul:
ing in that deformation of articles molded threfrom

tends to occur. On the other hand, when that content is
‘above 30% by weight, the stiffness and heat resistance
of the molded articles are decreased.

If the amount of the butene-1 homopolymer or bu-
tene-1 copolymer produced is above 99.59; by weight,
the polymer mixture finally obtained has an increased
tackiness and it is difficult to carry out polymerization
reaction continuously, while the polymer finally ob-
tained has a decreased heat remstance with that amount
bemg below 70% by weight.

It 1s preferred that the butene-1 homopolymer or
butene-1 copolymer obtained has an intrinsic viscosity
number [n] of from 1.0 to 6.0 dl/g, more preferably
from 1.2 to 5.0d1/g. When its intrinsic viscosity number
is below 1.0 dl/g , the polymer finally obtained some-
times has an increased tackiness.

The polymerization temperature in the vapor poly-
_ merization method is usually from 40° to 90 ° C., prefer-

ably, and 1t 1s usually 80 ° C. or less, preferably from 30°

to 70 ° C. for the second stage polymerization. In the
slurry polymerization method, it is 50 ° C. or less both
for the first and second stage polymerizations.

The polymerization pressure varies depending on the
kind of the catalyst used, retention time thereof, charac-
teristics of the reactor, capability of removing the reac-
tion heat, type of the polymerization reaction, etc, but
usually is from 1 to 30 kg/cm?2G.

The copolymer having an intrinsic viscosity number

falling within the above-described range can be pre-.

pared by controlling the concentration of hydrogen gas
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in the polymerization reactor. The catalyst components
can be supplied in the form of a suspension in an inert
solvent, an a-olefin, etc.

Substantially the same post treatments as in the prop-
ylene two-stage polymerization method in 2-1 above
can be used. |

The butene-1 homopolymer or copolymer prepared
by this polymerization method has excellent particle
size distribution and flow behavior, and can be trans-
ported i the form of powder advantageously. It is
further advantageous in that it has a high stereoregular-
ity and that the amount of the catalyst residue in the
resulting is minimized.

Therefore, the butene-1 homopolymer or copolymer
obtained by this polymerization method is suitable as a
material for producing molded articles such as various
types of pipes and films, etc. | |

3 Benefits or Advantages of the Present Invention

‘The present invention has the following benefits or
advantages.

3-1 |

(1) The catalyst used in the present invention has a
high catalytic activity which lasts for a long period of
time.

(2) Since the catalyst used has a high activity, the
polymerization reaction can be carried out in a stabi-
lized condition even when an a-olefin is polymerized by
a multistage polymerization method.

(3 ) Polymerization reaction using the above-
described catalist gives rise to polyolefins which con-
tain substantially no catalyst residue. Therefore, when
the polyolefin is molded, molding machines are not
corroded and the surface of molded articles can be
finished beautifully, resulting in that.the molded articles
having a high commercial value can ba produced.

(4) When the polymerization of an a-olefin is carried
out using the above-described catalyst, the polyolefin
produced contain substantially no fine polymer powder
having a particle size of 100 um or less. Therefore,
powdery polylefin can be transported smoothly without
causing clogging of pipelines. Further, the polyolefin
obtained has high bulk density and as a result the poly-
olefin can be transported in the form of powder effi-
ciently.

3-2 |

In the polymerization method described in 3-1 above,
polymerization of an a-olefin in the presence of a cata-
lyst composed of the catalyst component (A), organic
aluminium compound (B) and organic silane compound
(C) gives rise to, in addition to the benefits described in
3-1 above, an advantage that polyolefins, in particular
polypropene, having a narrow molecular weight distri-
bution can be obtained.

3-3

The catalytic activity of titanium can be increased by
the use of, as a solid component (a) in the catalyst to be
used in the polymerization method described in 3-1
above, a carrier prepared by contacting, with a mixture
containing at least one member selected from the group
consisting of a hydrocarbon, an electron donating com-
pound and an alkoxytitanium, and a magnesium alkox-
1de, a sohd residue which is obtained by pretreatment of
at least one oxide selected from the group consisting of
oxides of elements belonging to Groups 11, III and IV of
the periodic table and/or a composite oxide containing
at least one such oxide with a silicon halide and option-
ally with an aicohol in this order and removing a liquid.
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When as a solid component (a) in the catalyst to be
used in the polymerization method described in 3-1
above, a carrier is used which is prepared by adding a
mixture composed of at lest one member selected from
the group consisting of a hydrocarbon, an electron
donating compound and an alkoxytitanium, and a mag-
nesium alkoxide to a solid residue composed of at least
one oxide selected from the group consisting of oxides
of elements belonging to Groups 11, III and IV of the
periodic table and/or a composite oxide containing at
least one such oxide or to a solid residue obtained by
pretreating at least one oxide selected from the group
consisting of oxides of elements belonging to Groups 11,
II1 and IV of the periodic table and/or a composite
oxide containing at least one such oxide with a silicon
halide and optionally with an alcohol in this order and
removing a liquid, and further adding thereto a deposit-
ing agent composed of at least one member selected
from the group consisting of a lower alcohol and a
halogenating agent, then the magnesium alkoxide can
be deposited on the carrier sufficiently, thus giving rise
to a carrier which has an almost uniform particle size
~ and there occurs no agglomeration of carrier particles
and which does not inhibit the activity of metal titanium
supported thereon. Therefore, the catalyst using a car-
rier containing a magnesium alkoxide have a high activ-
ity and polyolefins obtained by polymerizing a-olefins
In the presence of this catalyst have good particle size
characteristics. ~

Further, when as a solid component (a) in the catalyst
to be used in the polymerization method described in
3-1 above, a carrier is used which is prepared by pre-
treating at least one oxide selected from the group con-
sisting of oxides of elements belonging to Groups II, III
and IV of the periodic table and/or a complete inor-
ganic oxide containing at least one such oxide with an
organic silane compound represented by formula

R3SiX

wherein R represents an alkyl group, a phenyl group or
a vinyl group, and X represents a group capable of
reacting with a hydroxyl group present on the surface

of the at least one oxide and/or the composite inorganic

oxide, and contacting the thus-treated oxide and/or the
composite inorganic oxide with the mixture containing
a magnesium alkoxide, and further adding the deposit-
ing agent thereto so that the magnesium alkoxide can be
deposited on the carrier sufficiently, then a polyolefin
can be obtained which has in addition to the above-
described benefits an advantage that it has a narrow
particle size distribution.

3-4

When two-stage polymerization of propylene is car-
ried out in the presence of the catalyst having a high
activity described in 3-1 above, the following benefits
can be obtained.

(1) A step of removing the catalyst residue from the
polypropylene produced can be eliminated.

( 2 ) Polypropylenes can be produced which have
excellent, well balanced mechanical characteristics
such as stiffness and impact strength and therefore can
be used as a useful material for producing molded arti-
cles in the field of domestic electric appliances, automo-
biles, etc.

(3) Polypropylenes can be obtained which have ex-

cellent powder flowability and particle size distribution.
3-5
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When propylene and an other a-olefin are polymer-
ized in the presence of the catalyst having a high activ-
ity described in 3-1 above to prepare a copolymer of
which the content of the other a-olefin as a monomer
unit is from 0.5 to 20% by weight, the copolymer has in
addition to the above-described benefits advantages that
it can be formed into various articles such as films,
sheets, etc. which have an excellent low temperature
heat sealing property. |

3-6

When a polybutene or a copolymer of butene-1 and
an other a-olefin, particularly that in which the content
of butene-1 as a monomer unit is from 60 to 99.59% by
weight, 1s prepared in the presence of the catalyst hav-
ing a high activity described in 3-1 above, a polyolefin
which 1s suitable as a material for producing various
molded articles such as pipes, films, etc.

The method of the present invention will be de-
scribed in greater detail with reference to non-limitative
examples and comparative examples. |

EXAMPLE 1

(1) Preparation of Solid Catalyst Component

In a 11 glass reactor purged with argon were charged
40 g of silicon dioxide which was evacuated and cal-
cined at 500 ° C. (a product by Fuji Davison Co., Ltd.,
grade 952, specific surface area: 350 m2/g, average
particle size: 54 to 65 um) and 200 ml of trimethyl-
chlorosilane, and the mixture was allowed to react with
stirring under reflux for 12 hours. Then, the reaction
mixture was decanted three times using 200 ml of n-hep-
tane and dried to obtain solid component of silicon
dioxide.

Thus-obtained solid component was subjected to
determination of the concentration of a hydroxyl group
by the reaction with methylmagnesium iodide and it
was found that the hydroxyl group concentration was
0.3 umol/m2.

To the solid component (20g) was added 100 ml of
n-heptane solution containing diethoxymagnesium (120
mmol) and tetra-n-butoxytitanium (70 mmol), and the
mixture was allowed to stand at room temperature for 1
hour. Thereafter, 50 ml of isopropanol was added por-
tionwise, followed by stirring at 80 ° C. for 1 hour.
Decantation with 100 ml of n-heptane was repeated 5
times and the residue was dried under reduced pressure
at 80 ° C. to obtain a white catalyst carrier. The catalyst
carrier contained 3.8% by weight of magnesium atom.

Thus-obtained catalyst carrier (10.0 g) was charged in
a 0.5 1 glass reactor, and 50 mR of n-heptane, 5.2 mmol
of ethyl benzoate, and 60 g of titanium tetrachloride.
The resulting mixture was stirred for 1 hour under re-
flux. Then, the supernatant was removed by decanta-
tion and the solid portion was well washed with hot
n-heptane to obtain a solid catalyst component, which
contained 2.3% by weight of Ti.

(2) Polymerization of Propylene

In a 1 I autoclave purged with argon were charged 50
ml of hexane having suspended therein 0.006 mmol Ti
of the solid catalyst component, 1.5 mmol of
trusobutylaluminium and 0.41 mmol of methl p-toluy-
late. After the autoclave was evacuated to remove ar-
gon, 310 g of propylene and 0.7 NI of hydrogen were
charged. The temperature was raised to reach 70 ° C. in
> minutes, and polymerization reaction was carried out
at 70 ° C. for 2 hours. After cooling the autoclave,
propylene was purged and the content of the autoclave
was‘takeh out, followed by drying under reduced pres-
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sure to obtain 88 g of polypropylene powder. The pow-
der had a bulk density of 0 39 g/cm3, and contained fine
particles (Which is defined as a particle size of 100 jLm or
less) in an amount of 0.2% by weight. The powder had
an excellent flowability. Further, the powder had an L.I.
(the content of residual polymer after extraction with
boiling n-heptane) of 96.5%. Fluorescent X ray spectral
analysis indicated that the polymer contains 12.0 ppm of
chlorine.

COMPARATIVE EXAMPLE 1

The same procedures as in Example 1 were repeated
except that silicon dioxide not treated with trimethyl-
chlorosilane (hydroxyl! group content: 3,7 umol/m?2)
was used instead of the trimethyl-chlorosilane-treated
silicon dioxide.

As a result, 9.9 g of polypropylene powder was ob-
tained which had a bulk density of 0.37 g/cm3 and an
LI of 95.8%. The content of chlorine in the polymer
was 111 ppm.

EXAMPLE 2

The same procedures as in Example 1 were repeated
except that n-butyl benzoate was replaced by 2.0 mmol
of dusobutyl phthalate and methyl p-toluylate was re-
placed by 0.15 mmol of phenyl-triethoxysilane.

As a result, 165 g of polypropylene powder was ob-
tained which had a bulk density of 0.41 g/cm.3 and an
L1. of 97.4%. The polymer contained 0.1% by weight
of fine powders having a particle size of 100 m or less.
~ The content of chlorine in the polymer was 6.4 ppm.

EXAMPLE 3

The same procedures as in Example 1 were repeated
except that the silicon dioxide calcined at 500 ° C. was
replaced by a calcined silicon dioxide prepared by cal-
cining silicon dioxide as starting material at 800 ° C. for
> hours so that the surface hydroxyl group concentra-
tion thereof was 1.8 pmol/m2.

As a result, 18 g of polyproylene powder was ob-
tained which had a bulk density of 0.39 g/cm3 and an
LI of 96.5%. The polymer contained 0.0% by weight
of fine powders having a particle size of 100um or less.
T'he content of chlorine in the polymer was 69 ppm.

EXAMPLE 4

(1) Preparation of Solid Catalyst Component

In the same manner as in Example 1, a solid compo-
nent was obtained which had a surface hydroxyl group
concentration of 0.3 umol/m?2.

To the solid component (10 g) was added 50 ml of
kerosene oil solution containing dried magnesium stea-
rate (20 mmol), diethoxymagnesium (30 mmol) and
tetra-n-butoxytitanium (30 mmol), and the mixture was
allowed to stand at a temperature of 150 ° C. for 1 hour.
Thereafter, 50 ml of isopropanol was added portion-
wise, followed by stirring at 80 ° C. for 1 hour. Decanta-
tion with 100 ml of n-heptane was repeated 3 times and
the residue was dried under reduced pressure at 80 ° C.
to obtain a white catalyst carrier. The catalyst carrier
contained 3.5% by weight of magnesium atom.

Thus-obtained catalyst carrier (8.0 g) was charged in
a 0.5 I glass reactor, and 50 m! of methylene chloride,
3.6 mmol of n-butyl benzoate, and 48 g of titanium
tetrachloride. The resulting mixture was stirred for 1
hour under reflux. Then, the supernatant was removed
by decantation and the solid portion was well washed
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w1th hot n-heptane to obtain a solid catalyst component,

which contained 2.7% by weight of Ti.

(2) Polymerization of Propylene

In a 1 1 autoclave purged with argon were charged 50
ml of hexane having suspended therein 0.006 mmol Ti
of the solid catalyst component, 1.5 mmol of trie-
thylaluminium and 0.45 mmol of methyl p-toluylate.
After the autoclave was evacuated to remove argon,
310 g or propylene and 0.7 Nl of hydrogen were
charged. The temperature was raised to reach 70 ° C. in
> minutes, and polymerization reaction was carried out
at 70 ° C. for 2 hours. After cooling the autoclave,

- propylene was purged and the content of the autoclave
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was taken out, followed by drying under reduced pres-
sure to obtain 158 g of polypropylene powder. The
powder had a bulk density of 0.39 g/cm3, and contained
fine particles having a particle size of 100 um or less in
an amount of 0.1% by weight. The powder had an
excellent flowability. Further, the powder had an L.I. of
96.7%. Fluorescent X ray spectral analysis indicated
that the polymer contains 4.5 ppm of chlorine.

EXAMPLE §

(1) Preparation of Solid Catalist Component

The same procedures as in Example 1 (1) were re-
peated except that ethyl benzoate was replaced by 2.0
mmol of diisobuty] phthalate.

In a 51 autoclave which had been purged with nitro-
gen gas sufficiently was charged 20 g of dried polypro-
pylene powder, and then 7.5 mmol! of trie-
thylaluminium, 0.3 mmol of diphenyl-dimethoxysilane
and 0.03 mg Ti were added thereto. After introducing
hydrogen and then propylene, the temperature and
pressure were raised to 70 ° C. and 28 kg/cm?, respec-
tively, and polymerization of propylene was carried out
under these conditions for 2 hours. Thereafter, unused
gases were evacuated. As a result, 550 g of polypropyl-
ene powder was obtained which had a bulk density of
0.40 g/cm? and an L1. of 98.0%. The polymer contained
0.1% by weight of fine powders having a particle size of
100 um or less. The content of chlorine in the polymer
was 9.6 ppm.

EXAMPLE 6

In a 101 autoclave provided with a stirrer which had
been purged with nitrogen gas sufficiently were
charged 51 of n-heptane, 15 mmol of triethylaluminium,
0.6 mmol of diphenyl-dimethoxysilane, and 0.06 mg Ti
of the solid catalyst component prepared in Example 4
(1). The temperature of the liquid phase was maintained
at 70 ° C., and hydrogen metered to such an amount that
the resulting polypropylene had a predetermined intrin-
sic viscosity number and propylene in such an amount
that the reaction pressure was 9 kg/cm? were continu-
ously supplied to the autoclave, the reaction being con-
tinued for 2 hours with stirring.

After completion of polymerization reaction, unused
gases were removed, and the catalyst was inactivated
and removed, followed by drying. As a result, 559 g of
white powder of polypropylene was obtained which
had a bulk density of 0.39 g/cm3 and an LI. of 97.8%.
The polymer contained 0.3% by weight of fine powders
having a particle size of 100 um or less. The content of
chlorine in the polymer was 19.0 ppm.

From the results in Examples 1 to 6 and Comparative
Example 1, it can be seen that:
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(I) The catalyst used in the present invention has a
high catalytic activity which lasts for long period of
time.

(2) Since the catalyst used has a high activity the
polymerization reaction can be carried out under stabi-
lized conditions.

(3) Polymerization reaction using the above-
described catalyst gives rise to polyolefins which con-
tain substantially no catalyst residue. Therefore, when
the polyolefin 1s molded molding machines does not
suffer corrosion and the surface of molded articles can
be finished beautifully, resulting in that the molded
articles having a high commercial value can be pro-
duced.

(4) Polymerization reacion using the above-described
catalyst results in the production of polyolefins having a
high stereoregularity. |

(°) When the polymerization of an a-olefin is carried
out using the above-described catalyst, the polyolefin
produced contain substantially no fine polymer powder
having a particle size of 100 um or less. Therefore,
powdery polyolefin can be transported smoothly with-
out causing clogging of pipelines. Further, the polyole-
fin obtained has a high bulk density and as a result the
polyolefin can be transported in the form of powder
efficiently.

EXAMPLE 7

(1) Preparation of Solid Catalyst Component

To 12.0 g of calcined silicon dioxide (a product by
Fujt Davison Co., Ltd., grade 952, specific surface area:
350 m%/g, average particle size: 54 to 65 um surface
hydroxyl group concentration: 2.3 umol/m?) was
added 60 ml of a n-heptane solution containing diethox-
ymagnesium (60 mmol) and tetra-n-butoxytitanium (35
mmol) and the mixture was allowed to react at room
temperature for 1 hour. Thereafter, 30 ml of isopropa-
nol was added portionwise, and the resulting mixture
was stirred at 80 ° C. for 1 hour. Then, the reaction
mixture was decanted three times using 100 ml of n-hep-
tane and dried at 80 ° C. for 1 hour under reduced pres-
sure to obtain a white catalyst carrier. The catalyst
carrier contained 3.4% by weight of magnesium atom.

The thus-obtained catalyst carrier (10.0 g) was
charged in a 0.5 | glass reactor, and 50 ml of 1,2-
dichloroethane, 3.2 mmol of n-butyl benzoate, and 50 g
of titanium tetrachloride were added thereto. The re-
sulting mixture was stirred for 1 hour under reflux.
Then, the supernatant was removed by decantation and

the solid portion was well washed with hot n-heptane to

obtain a solid catalyst component, which contained
4.9% by weight of Ti.

(2) Polymerization of Propylene

In a 11autoclave purged with argon were charged 50
mR of hexane having suspended therein 0.006 mmol Ti
of the solid catalyst component, 1.5 mmol of trie-
thylaluminium and 0.42 mmo! of methyl p-toluylate.
After the autoclave and 0.42 mmol of methyl p-toluy-
late. After the autoclave was evacuated to remove ar-
gon, 310 g of propylene and 0.7 NI of hydrogen were
charged. The temperature was raised to reach 70 ° C. in
5> minutes, and polymerization reaction was carried out
at 70 ° C. for 2 hours. After cooling the autoclave,
propylene was purged and the content of the autoclave
was taken out, followed by drying reduced pressure to
obtain 13.8 g of polypropylene powder. The powder
had a bulk density of 0 38 g/cm3 and contained fine
particles having a particle size of 100 um or less in an
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amount of 0.4% by weight. The powder had an excel-
lent flowability. Further, the powder had an 1.I. of
96.8%. Fluorescent X ray spectral analysis indicated
that the polymer contains 102 ppm of chlorine.

EXAMPLE 8

The same procedures as in Example 7 were repeated
except that the silicon dioxide was replaced by alumina
(a product by Sumitomo Aluminium Co., Ltd.,, No.
A-11, average particle size: 40 to 50 um).

As a result, 14.5 g of polypropylene powder was

obtained which had a bulk density of 0.28 §/cm3 and an

I.I. 0of 96.0%. The powder contained 1.0% by weight of
fine powders having a particle size of 100 um or less.
‘The content of chlorine in the polymer was 100 ppm.

EXAMPLE 9

(1) Preparation of Solid Catalyst Component

In a 0.51 glass reactor purged with argon were
charged 20 g of calcined silicon dioxide (a product by
Fun Davison Co., Ltd., grade 952, specific surface area:
350 m?#/g, average particle size: 54 to 65um) and 100 ml
of trimethyl-chlorosilane, and the mixture was allowed
to react with stirring under reflux for 12 hours. Then,
the reaction mixture was decanted three times using 200
ml of n-heptane and dried to obtain a solid component
(surface hydroxy! group concentration: 0.25 pmol/m?2),

Subsequently, the same procedures as in Example 7
were repeated using thus-obtained solid component to
obtain a solid catalyst component.

The catalyst carrier (the solid component in the solid
catalyst) contained 3.5% by weight as magnesium atom
of the magnesium compound, and the content as tita-
nium atom of the titanium halide in the solid catalyst
component was 2.3% by weight.

(2) Polymerization of Propylene

Propylene was polymerized in the same manner as in
Example 7 using thus-obtained catalyst.

As a result, 121 g of polypropylene powder was ob-
tained which had a bulk density of 0.40 g/cm3 and an
I.I. 0f 97.0%. The powder contained 1.0% by weight of
fine powders having a particle size of 100 um or less.
The content of chlorine in the polymer was 10.1 ppm.

EXAMPLE 10

The same procedures as in Example 9 was repeated
except that n-butyl benzoate was replaced by 2.0 mmol
of diisobutyl phthalate and methyl p-toluylate was re-
placed by 0.15 mmol of phenyltriethoxysilane.

As a result, 245 g of polyproxylene powder was ob-
tained which had a bulk density of 0.42 g/cm3 and an
LI of 97.4%. The polymer contained 0.4% by weight
of fine powders having a particle size of 100 um or less.
The content of chlorine in the polymer was 5.3 ppm.

EXAMPLE 11

(1) Preparation of Solid Catalyst Component

To 10.0 g of calcined silicon dioxide (a product by
Fuji Davison Co., Ltd., grade 952, specific surface area:
350 m?/g, average particle size: 54 to 65um surface
hydroxyl group concentration: 2.4 pmol/m2) was
added 50 mR of kerosene oil solution containing dried
magnesium stearate (20 mmol), diethoxymagnesium (30
mmol) and tetra-n-butoxytitanium (30 mmol), and the
mixture was allowed to stand at a temperature of 150 °
C. for 1 hour. Thereafter, 50 ml of isopropanol was
added portionwise, followed by stirring at 80° C. for 1
hour. Decantation with 100 ml of n-heptane was re-
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peated 3 times and the residue was dried under reduced
pressure at 80" C. to obtain a white catalyst carrier. The
catalyst carrier contained 3.8% by weight of magne-
sium atom. -

Thus-obtained catalyst carrier (8.0 g) was charged in

a 0.5 1 glass reactor, and 50 ml of methylene chloride,

3.6 mmol of n-butyl benzoate, and 48 g of titanium
tetrachloride. The resulting mixture was stirred for 1
hour under reflux. Then, the supernatant was removed
by decantation and the solid portion was well washed
with hot n-heptane to obtain a solid catalyst component,
which contained 2.9% by weight of Ti.

(2) Polymerization of Propylene

In a 11lautoclave purged with argon were charged 50
ml of hexane having suspended therein 0.006 mmol Ti
of the solid catalyst component, 1.5 mmol of trie-
thylaluminium and 0.45 mmol of methyl p-toluylate.
After the autoclave was evacuated to remove argon,
310 g of propylene and 0.7 Nl of hydrogen were

charged. The temperature was raised to reach 70° C. in 20

> minutes, and polymerization reaction was carried out
at 70° C. for 2 hours. After cooling the autoclave, prop-
ylene was purged and the content of the autoclave was
taken out, followed by drying reduced pressure to ob-
tain 26.4 g of polypropylene powder. The powder had
a bulk density of 0.37 g/cm3, and contained fine parti-
cles having a particle size of 100 wm or less in an amount
of 0.2% by weight. The powder had an excellent flow-
ability. Further, the powder had an 1.1. of 97%. Fluores-
cent X ray spectral analysis indicated that the polymer
contains 40 ppm of chlorine. -

From the results in Examples 7 to 11 and Compara-
tive Example 1, it can be seen that the catalyst compris-
ing a solid catalyst component (A) obtained by contact-
ing (a) a solid component, (b) an electron donating
compound and (c) a titanium halide, particularly in (d)
a halogenated hydrocarbon solvent, had a high activity
which lasted for long period of time. The polymeriza-
tion method using this catalyst according to the present
invention exhibits above-described benefit and advan-
tage as described in (2) to (4) above.

EXAMPLE 12

(1) Preparation of Solid Catalyst Component

To 30.0 g of calcined silicon dioxide (a product by
Fujt Davison Co., Ltd., grade 952, specific surface area:
350 m?/g, average particle size: 54 to 65 um surface
hydroxyl group concentration: 2.5 umol/m?) were
added 150 ml of n-heptane solution containing diethox-
ymagnesium (1350 mmol) and tetra-n-butoxytitanium (90
mmol), and the mixture was allowed to stand at room
temperature for 1 hour. Thereafter, 50 ml of isopropa-
nol was added portionwise, followed by stirring at 80 °
C. for 1 hour. Decantation with 100 ml of n-heptane
was repeated 5 times and the residue was dried under
reduced pressure at 80 ° C to obtain a white catalyst
carrier. The catalyst carrier contained 3.5% by weight
of magnesium atom. | |

Thus-obtained catalyst carrier (7.0 g) was charged in
a 0.5 1 glass reactor, and 50 ml of n-heptane, 1.8 mmol of
disobutyl phthalate, and 45 g of titanium tetrachloride
were charged. The resulting mixture was stirred for 1
hour under reflux. Then, the supernatant was removed
by decantation and the solid portion was well washed
with hot n-heptane to obtain a solid catalyst component,
which contained 5.4% by weight of Ti.

(2) Polymerization of Propylene
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In a 1] autoclave purged with argon were charged 50
ml of hexane having suspended therein 0.006 mmol Ti
of the solid catalyst component, 1.5 mmol of triethyl-
aluminum and 0.45 mmol of methyl p-toluylate. After
the autoclave was evacuated to remove argon, 310 g of
propylene and 0.7 NI of hydrogen were charged. The
temperature was raised to reach 70° C. 5 minutes, and
polymerization reaction was carried out at 70° C. for 2
hours. After cooling the autoclave, propylene was
purged and the content of the autoclave taken out,
followed by driving under reduced pressure to obtain
16.8 g of polypropylene powder. The powder had a
bulk of 0.38 g/cm?, and contained fine particles having
a particle size of 100 um or less in an amount of 0.3% by
weight. The powder had an excellent flowability. Fur-
ther, the powder had an 1.I. of 96.8%. Fluorescent X
ray spectral analysis indicated that the polymer contains
72 ppm of chlorine.

EXAMPLE 13

The same procedures as in Example 12 were repeated
except that diisobutyl phthalate was replaced by di-
propylphthalate. As a result, 16.5 g of polypropylene
powder was obtained which had a bulk density of 0.39
g/cm? and an LI of 96.5%. The polymer contained
0.3% by weight of fine powders having a particle size of
100 um or less. The content of chlorine in the polymer
was 75 ppm.

EXAMPLE 14

The same procedures as in Example 12 were repeated
except that the silicon dioxide was replaced by alumina
(a product by Sumitomo Aluminium Co., Ltd., No.
A-11, average particle size: 40 to 50 um).

As a result, 17.2 g of polypropylene powder was
obtained which had a bulk density of 0.27 g/cm3 and an
I.I. 0f 96.2%. The powder contained 1.0% by weight of
fine powders having a particle size of 100 um or less.
The content of chlorine in the polymer was 68 ppm.

COMPARATIVE EXAMPLE 2

‘The same procedures as in Example 12 were repeated
except that 1.8 mmol of diisobutyl phthalate was re-
placed by 3.2 mmol of n-butyl-phthalate. As a result,
10.2 g of powder was obtained which had an LI of
935.3%. Fluorescent X ray spectral analysis indicated
that the content of chlorine in the polymer was 112

EXAMPLE 15

(1) Preparation of Solid Catalyst Component

In a 0.5 1 glass reactor purged with argon were
charged 20 g of calcined silicon dioxide (a product by
Fuji Davison Co., Ltd., grade 952, specific surface area:
350 m?/g, average particle size: 54 to 65 um) and 100 ml
of trimethyl-chlorosilane, and the mixture was allowed
to react with stirring under reflux for 12 hours. Then,
the reaction mixture was decanted three times using 200
ml of n-heptane and dried to obtain a solid component
(surface hydroxyl group concentration: 0.3 pmol/m?).

Subsequently, the same procedures as in Example 12
were repeated vsing 10.0 g of thus-obtained solid com-
ponent to obtain a solid catalyst component.

The catalyst carrier (the solid component in the solid
catalyst) contained 3.1% bu weight as magnesium atom
of the magnesium compound, and the content as tita-
nium atom of the titanium halide in the solid catalyst
component was 2.4% by weight.
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(2) Polymerization of Propylene |

Proprylene was polymerized in the same manner as in
Example 12 using thus-obtained catalyst. |

As a result, 126 g of polypropylene powder was ob-
tained which had a bulk density of 0.40 g/cm3 and an
I.1. of 96.5%. The powder contained 0% by weight of
fine powders having a particle size of 100 um or less.
The content of chlorine in the the polymer was 10.1

ppm.
COMPARATIVE EXAMPLE 3

The same procedures as in Examples 15 were re-
peated except that diisobutyl phthalate was replaced by
3.2 mmol of n-butyl benzoate. As a result, 82 g of poly-
propylene powder was obtained which had an 1.I. of
95.2%. The content of chlorine in the polymer was 14.3
ppm.

From the results in Examples 12 to 15 and Compara-
tive Examples 2 and 3, it can be seen that the catalyst
comprising a solid catalyst component (A) obtained by
contacting (a) a solid component, (b) an electron donat-
ing compound and (c) a titanium halide had a high
activity which lasted for a long period of time.

EXAMPLE 16

(1) Preparation of Solid Catalyst Component

To 10.0 g of silicon dioxide (a product by Fuji Davi-
son Co., Ltd., grade 952, specific surface area: 350
m?2/g, average particle size: 54 to 65 um, surface hy-
droxyl group concentration: 2.0 umol/m2) was added
50 ml of n-heptane solution containing diethoxymag-
nesium (50 mmol) and tetra-n-butoxytitanium (30
mmol), and the mixture was allowed to react at room
temperature for 1 hour. Thereafter, 25 ml of isopropa-
nol was added portionwise, and the resulting mixture
was stirred at 80° C., for 1 hour. Then, the reaction
mixture was decanted three times using 100 ml of n-hep-
tane and dried at 80" C. for 1 hour under reduced pres-
sure to obtain a white catalyst carrier. The catalyst
carrier contained 3.8% by weight of magnesium atom.

Thus-obtained catalyst carrier (7.5 g) was charged in
a 0.5 1 glass reactor, and 50 ml of n-heptane, 1.9 mmol of
dusobutyl phthalate, and 45 g of titanium tetrachloride
were added thereto. The resulting mixture was stirred
for 1 hour under reflux. Then, the supernatant was
removed by decantation and the solid portion was well
washed with hot n-heptane to obtain a solid catalyst
component, which contained 5.1% by weight of Ti.

(2) Polymerization of Propylene
- Inallautoclave purged with argon were charged 50
mR of hexane having suspended therein 0.006 mmol Ti
of the sohd catalyst component, 1.5 mmol of trie-
thylaluminium and 0.15 mmol of phenyltriethoxysilane.
After the autoclave was evacuated to remove argon,
310 g of propylene and 0.7 Nl of hydrogen were
charged. The temperature was raised to reach 70 ° C. in
5 minutes, and polymerization reaction was carried out
at 70 ° C. for 2 hours. After cooling the autoclave,
propylene was purged and the content of the autoclave
was taken out, followed by drying under reduced pres-
sure to obtain 20.2 g of polypropylene powder. The
powder had a bulk density of 0 40 g/cm3 and contained
fine particles having a particle size of 100 um or less in
an amount of 0.2% by weight. The powder had an
excellent flowability. Further, the powder had an LI. of
96.8%. The molecular weight distribution (Mw/Mn)
determined by gel permeation chromatography (GPC)
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was 4.2. Fluorescent X ray analysis indicated that the
polymer contains 61 ppm of chlorine.

EXAMPLE 17

The same procedures as in Example 16 were repeated
except that diisobutyl phthalate was replaced by dipro-
pyl phthalate. As a result, 19.8 g of polypropylene pow-
der was obtained which had a bulk density of 0.40
g/cm3 and an LI. of 97.1%. The powder contained
0.2% by weight of fine powders having a particle size of
100 um or less. The molecular weight distribution
(Mw/Mn) determined by GPC was 3.8. The content of

chiorine in the polymer was 70 ppm.
EXAMPLE 18

‘The same procedures as in Example 16 were repeated
except that phenyltriethoxysilane was replaced by
diphenyl-dimethoxylane. As a result, 21.3 g of polypro-
pylene powder was obtained which had a bulk density
of 0.40 g/cm? and an 1.1. of 97.2%. The powder con-

tained 0.4% by weight of fine powders having a particle

size of 100 um or less. The molecular weight distribu-

tion (Mw/Mn) of the polypropylene determined by
GPC was 4.2. The content of chlorine in the polymer
was 62 ppm.

EXAMPLE 19

The same procedures as in Example 16 were repeated
except that the silicon dioxide was replaced by alumina
(a product by Sumitomo Aluminium Co., Ldt., No.

~A-11, average particle size.: 40 to 50 um). As a result,

21.5 g of polypropylene powder was obtained which
had a bulk density of 0.28 g/cm3 and an L.1. of 97.0%.
The powder contained 1.2% by weight of fine powders
having a particle size of 100 um or less. The molecular
weight distnbution (Mw/Mn) of the polypropylene
determined by GPC was 4.1. The content of chlorine in
the polymer was 69 ppm.

COMPARATIVE EXAMPLE 4

The same procedures as in Example 16 were repeated
except that 1.9 mmol of diisobuty! phthalate was re-
placed by 3.4 mmol of n-butyl benzoate, and 0.15 mmol
of phenyltriethoxysilane was replaced by 0.4 mmol of
methyl p-toluylate. As a result, 9.8 g of polypropylene
powder was obtained which had a bulk density of 0.36
g/cm? and an LI. of 95.0%. The powder contained
0.5% by weight of fine powders having a particle size of
100 um or less. The molecular weight distribution
(Mw/Mn) of the polypropylene determined by GPC
was 7.8. The content of chlorine in the polymer was 148

ppm.
EXAMPLE 20

(1) Preparation of Solid Catalyst Component

In a 0.5 ] glass reactor purged with argon were
charged 20 g of calcined silicon dioxide (a product by
Fuji Davison Co., Ltd., grade 952, specific surface area:
350 m?/g, average particle size: 54 to 65 um) and 100 m!
of trimethyl-chlorosilane, and the mixture was allowed
to react with stirring under reflux for 12 hours. Then,
the reaction mixture was decanted three times using 200
ml of n-heptane and drned to obtain a solid component
(surface hydroxyl group concentration: 0.3 Imol/m?).

Subsequently, the same procedures as in Example 16
were repeated using the thus-obtained solid component
to obtain a solid catalyst component.
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The catalyst carrier (the solid component in the solid
catalyst) contained 3.2% by weight as magnesium atom
of the magnesium compound, and the content as tita-

nium atom of the titanium halide in the solid catalyst

component was 2.4% by weight.

(2) Polymerization of Propylene

Propylene was polymerized in the same manner as in
Example 16 using the thus-obtained catalyst. As a re-
sult, 175 g of propylene powder was obtained which
had a bulk density of 0.40 g/cm3 and an L.I. of 97.2%.
The powder containing 0.3% by weight of fine powders
having a particle size of 100 pm or less. The content of
chlorine in the polymer was 7.2 ppm. The molecular

weight distribution (Mw/Mn) of the polypropylene
determined by GPC was 3.9.

COMPARATIVE EXAMPLE 5

‘The same procedures as in Example 16 were repeated
except that 1.9 mmol of diisobutyl phthalate was re-
placed by 3.4 mmol of ethyl benzoate, and 0.15 mmol of
phenyltriethoxysilane was replaced by 0.4 mmol of
methyl p-toluylate. As a result, 81 g of polypropylene
powder was obtained which had an 1.1. of 95.49. The
content of chlorine in the polymer was 16.2 ppm. The
molecular weight distribution (Mw/Mn) of the poly-
propylene determined by GPC was 8.1.

EXAMPLE 21

(1) Preparation of Solid Catalyst Component

To 10.0 g of calcined silicon dioxide (a product by
Fuji Davison Co., Ltd., grade 952, specific surface area:
350 m?/g, average particle size: 54 to 65 um, surface
hydroxyl group concentration: 2.1 umol/m2) was
added 50 ml of a n-heptane solution containing diethox-
ymagnesium (50 mmol) and tetra-n-butoxytitanium (30
mmol) and the mixture was allowed to react at room
temperature for 1 hour. Thereafter, 25 ml of isopropa-
nol was added portionwise, and the resulting mixture
was stirred at 80 ° C. for 1 hour. Then, the reaction
mixture was decanted three times using 100 ml of n-hep-
tane and dried at 80 ° C. for 1 hour under reduced pres-
sure to obtain a white catalyst carrier. The catalyst
- carrier contained 3.1% by weight of magnesium atom.
Thus-obtained catalyst carrier (8.0 g) was charged in
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a 0.5 1 glass reactor, and 50 ml of n-heptane, 3.6 mmol of 45

n-butyl benzoate, and 40 g of titanium tetrachloride.
The resulting mixture was stirred for 1 hour under re-
flux. Then, the supernatant was removed by decanta-
tion and the solid portion was well washed with hot
n-heptane to obtain a solid catalyst component, which
contained 5.6% by weight of Ti.

(2) Polymerization of Propylene |

In a 11autoclave purged with argon were charged 50
ml of hexane suspended therein 0.006 mmol Ti of the
solid catalyst component, 1.5 mmol of triethyl-
aluminium and 0.15 mmol of phenyltriethoxysilane.
After the autoclave was evacuated to remove argon,
310 g of propylene and 0.7 Nl of hydrogen were
~charged. The temperature was raised to reach 70 ° C. in
5> minutes, and polymerization reaction was carried out
at 70 ° C. for 2 hours. After cooling the autoclave,
propylene was purged and the content of the autoclave
was taken out, followed by drying under reduced pres-
sure to obtain 16.3 g of polypropylene powder. The
powder had an MI of 2.0 g/10 min. and a bulk density
of 0.37 g/cm3, and contained fine particles having a

particle size of 100 pm or less in an amount of 0.1% by
weight.
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The powder had an excellent flowability. Further,
the powder had an LI. of 96.7%. Fluorescent X ray
spectral analysis indicated that the polymer contains 67
ppm of chlurine. The Mw/Mn of the polypropylene
determined by GPC was 3.9,

EXAMPLE 22

The same procedures as in Example 21 were repeated
except that phenyltriethoxysilane was replaced by di-
phenyldimethoxysilane. As a result, 15.5 of polypropyl-
ene powder was obtained which had an MI of 2.2 g/10
min. and a bulk density of 0.37 g/cm3. The powder
contained 0.2% by weight of fine powders having a
particle size of 100 um or less and had an LI. of 97%.

The Mw/Mn of the polymer determined by GPC
was 4.2. The content of chlorine in the polymer was 73

ppm. |
EXAMPLE 23

The same procedures as in Example 21 were repeated
except that the silicon dioxide was replaced by alumina
(a product by Sumitomo Aluminium Co., Ltd., A-11,
average particle size: 40 to 50 um). As a result, 17.8 g of
polypropylene powder was obtained which had an MI
of 2.0 g/10 min. and a bulk density of 0.29 g/cm3 and an
L.I. 0f 96.5%. The powder contained 0.9% by weight of
fine powders of fine powders having a particle size of
100 pm or less. The Mw/Mn of the polypropylene
determined by GPC was 3.9. The content of chlorine in
the polymer was 60 ppm.

COMPARATIVE EXAMPLE 6

The same procedures as in Example 21 were repeated
except that 0.15 mmol of phenyltriethoxysilane was
replaced by 0.4 mmol of methyl p-toluylate. As a result,
11.7 g of polypropylene powder was obtained which
had an LI. of 95.8% and an MI of 2.0 g/10 min. The
Mw/Mn of the polymer determined by GPC was as
high as 7.9. The content of chlorine in the polymer
determined by fluorescent X ray spectral analysis was
94 ppm.

EXAMPLE 24

(1) Preparation of Solid Catalyst Component

In a 0.5 1 glass reactor purged with argon were
charged 20 g of calcined silicon dioxide (a product by
Fujt Davison Co., Ltd., grade 952, specific surface area:
350 m?/g, average particle size: 54 to 65 um) and 100 m]
of trimethyl-chlorosilane, and the mixture was allowed
to react with stirring under reflux for 12 hours. Then,
the reaction mixture was decanted three times using 200
ml of n-heptane and dried to obtain a solid component
(surface hydroxyl group concentration: 2.3 umol/m?2),

Subsequently, the same procedures as in Example 21
were repeated using thus-obtained solid component to
obtain a solid catalyst component.

The catalyst carrier (the solid component in the solid
catalyst) contained 3.2% by weight as magnesium atom
of the magnesium compound, and the content as tita-

‘nium atom of the titanium halide in the solid catalyst

component was 2.2% by weight.

(2) Polymerization of Propylene

Propylene was polymerized in the same manner as in
Example 21 using the thus-obtained catalyst.

As a result, 128 g of polypropylene powder was ob-
tained which had a bulk density of 0.41 g/cm3. The
powder contained 0.1% by weight of fine powders
having a particle size of 100 um or less. The polypropyl-
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ene had an L.1. of 96.8% and an M1 of 2.1 g/10 min. The
Mw/Mn determined by GPC was 3.9. The content of
chlorine in the polymer determined by fluorescent X
ray spectral analysis was 9.1 ppm.

COMPARATIVE EXAMPLE 7

The same procedures as in Example 20 were repeated
except that 0.15 mmol of phenyltriethoxysilane was
replaced by 0.4 mmol of methyl p-toluylate. As a result,
86 g of polypropylene powder was obtained which had
an LI. of 95.8% and an MI of 2.2 g/10 min. The
Mw/Mn of the polymer determined by GPC was as
high as 8.1. The content of chlorine in the polymer
determined by fluorescent X ray spectral analysis was
12.5 ppm.

From results in Examples 165420, 21424 and Com-
parative Examples 4, 5, 6 and 7, it can be seen that a
catalyst comprising a solid catalyst component (A) ob-
tained by contacting a solid component (a), an electron
donating compound (b), particularly an aromatic car-
boxylic acid ester and/or aromatic dicarboxylic acid
ester, and a titanium halide (c), an organic aluminium
compound (B) and an organic silane compound (C) has
a high catalytic activity which lasts for a long period of
time, and that the polymerization method using this
highly active catalyst is advantageous in that not only it
can exhibit benefit and advantage described in (2) to (4)
hereinabove but also it can produce polyolefins having
a narrow molecular weight distribution.

EXAMPLE 25

(1) Preparation of Catalyst Carrier

In a 0.5 1 glass reactor purged with argon were
charged 20 g of calcined silicon dioxide (a product by
Fuji Davison Co., Ltd., grade 952, specific surface area:
350 m2/g, average particle size: 54 to 65 um), 40 ml of
dimethyl-dichlorosilane and 100 ml of n-heptane, and
the mixture was allowed to react with stirring under
reflux for 5 hours. Then, the reaction mixture was de-
canted three times using 100 ml of n-heptane. Thereaf-
ter, 100 ml of methanol was added and the mixture was
allowed to react under reflux for 1 hour. The reaction
mixture was washed once by decantation with 100 ml of
methanol and dried at 100 ° C. for 1 hour to obtain a
solid component (surface hydroxyl group concentra-
tion: 0.5 umol).

To 5.0 g of the above solid component was added 7.0
ml of a tetra-n-butoxytitanium solution of 4.5 g of die-
thoxymagnesium, and the resulting mixture was left to
stand at room temperature for 30 minutes. Thereafter,
20 ml of tetrachlorosilane was added portionwise in 1
hour. The resulting mixture was stirred at 80 ° C. for 1
hour, and then decantation with 10 m] of n-heptane was
repeated 3 times. After decantation was completed, the
reaction mixture was evacuated and dried at 80 ° C. for
1 hour to obtain a white solid catalyst carrier, for poly-
merization of olefins. This catalyst carrier contained
4.6% by weight of magnesium atom.

(2) Preparation of Solid Catalyst Component for Pol-
ymerization of Olefins

Thus-obtained catalyst carrier (5.5 g) was charged in
a 0.5 glass reactor, and 50 ml of n-heptane, 3.0 mmol of
n-butyl benzoate, and 35 g of titanium tetrachloride.
The resulting mixture was stirred for 1 hour under re-
flux. Then, the supernatant was removed by decanta-
tion and the solid portion was well washed with the hot
n-heptane to obtain a solid catalyst component for poly-
merization of olefins.
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(3) Polymerization of Propylene

In a 11 autoclave purged with argon were charged 30
ml of hexane suspended therein 0.01 mmo! Ti of the
solid catalyst component, 1.0 mmol of triethyl-
aluminium and 0.40 mmol of methyl p-toluylate. After
the autoclave was evacuated to remove argon, 310 g of
propylene and 0.7 NI of hydrogen were charged. The
temperature was ratsed to reach 70 ° C. in 5 minutes,
and polymerization reaction was carried out at 70 ° C.
for 2 hours. After cooling the autoclave, propylene was
purged and the content of the autoclave was taken out,
followed by drying under reduced pressure to obtain
143 g of polypropylene powder. The 1.I. catalytic activ-
ity per T1 and bulk density of the polypropylene pow-
der obtained are shown in Table 1 hereinbelow.

EXAMPLES 26 TO 29

The same procedures as in Example 25 were repeated
except that the kinds of the silicon halides and of the
alcohols were changed to those as shown in Table 1.

The LI catalytic activity per Ti atom and bulk den-
sity of the polypropylene powder obtained are shown in
Table 1 hereinbelow.

COMPARATIVE EXAMPLE 8

The same procedures as in Example 25 were repeated
except that no alcohol treatment was carried out. The
results obtained are shown in Table 1 hereinbelow.

COMPARATIVE EXAMPLE ¢

The same procedure as in Example 25 were repeated
except that in the preparation of the catalyst carrier for
polymenization of olefins the magnesium alkoxide was
added directly without carrying out washing, drying
and separation, after the treatment with methanol.

The results obtained are shown in Table 1 hereinbe-
low.

TABLE 1
Bulk

Silicone Activity 1L Density
Halide Alcohol Kg-pp/g-Ti % = g/cm?

Ex. 25 Dimethyldi- Methanol 2908 96.0 0.40
chirosilane

Ex. 26 Dimethyldi- Methano! 284 96.3 0.39
chlrosilane

Ex. 27 Dimethyldi-  Ethanol 292 96.1 0.39
chlrosilane

Ex. 28 Methyltri- Methanol 289 96.0 0.41
chlorosilane

Ex. 29 Tetrachloro- Methanol 294 05.6 0.34
silane

C. Ex. 8 Demethyldi- Not 42 05.6 0.34
chlorosilane  treated

C.Ex. 9 Demethyldi- Methanol trace —_ —
chlorosilane

EXAMPLE 30

(1) Preparation of Catalyst Carrier for Polymeriza-
tion of Olefin

In a 0.5 ] glass reactor purged with argon were
charged 10 g of calcined silicon dioxide (a product by
Fuji Davison Co., Ltd., grade 952, specific surface area:
350 m2/g, average particle size: 54 to 65 um), 10 ml of
dimethyl-dichlorosilane and 50 m! of n-heptane, and the
mixture was allowed to react with stirring under reflux
for 5 hours. Then, the reaction mixture was decanted
three times using 100 ml of n-heptane. Thereafter, 50 m}
of methanol was added and the mixture was allowed to
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react under reflux for 2 hours. The reaction mixture was
washed once by decantation with 100 ml of methanol
and dried at 100 ° C. for 2 hours to obtain a component
(A). To 5.0 g of the above component (A) (surface
hydroxyl group concentration: 0.45umol/m?2 was added
7.0 1 of a tetra-n-butoxytitanium solution of 3.0 g of
diethoxymagnesium, and the resulting mixture was left
to stand at room temperature for 1 hour. Thereafter, 20
ml of ethyl alcohol ws added portionwise in 30 minutes.
The resulting mixture was stirred at 80 ° C. for | hour,
and then decantation with 100 ml of n-heptane was
repeated 3 times. After decantation was completed, the
reaction mixture was evacuated and dried at 80 ° C for
I hour to obtain a white solid catalyst carrier, for poly-
merization of olefins. This catalyst carrier contained
4.2% by weight of magnesium atom. |

(2) Preparation of Solid Catalyst Component for
Polymerization/of /Olefins

Thus-obtained catalyst carrier (5.3 g) was charged in
a 0.51 glass reactor, and 50 mi of n-heptane, 3.0 mmo! of
n-butyl benzoate, and 35 g of titanium tetrachloride.
The resulting mixture was stirred for 1 hour under
relux. Then, the supernatant was removed by decanta-
tion and the solid portion was well washed with hot
n-heptane to obtain a solid catalyst component for poly-
merization of olefins.

The Ti content in the catalyst for the polymerization
of olefins was 118.2 mg.

(3) Polymerization of Propylene

In a 11autoclave purged with argon were charged 30
ml of hexane having suspended therein 0.01 mmol Ti of
the solid catalyst component, 1.0 mmol of trie-
thylaluminium and 0.40 mmol of methyl p-toluylate.
After the autoclave was evacuated to remove argon,
310 g of propylene and 0.7 NI of hydrogen were
charged. The temperature was raised to reach 70 ° C. in
> minutes, and polymerization reaction was carried out
at 70 ° C. for 2 hours. After cooling the autoclave,

propylene was purged and the content of the autoclave

was taken out, followed by drying under reduced pres-
sure to obtain 160 g of polypropylene powder. The LI.,
catalytic activity per Ti atom and bulk density of the

polypropylene powder obtained are shown in Table 1
hereinbelow.

EXAMPLES 31 AND 32

The same procedures as in Example 30 were repeated
except that the kind of the alcohol as a depositing agent
was changed to those as shown in Table 2 hereinbelow.

The LI, catalytic activity per Ti atom and bulk den-
sity of the polypropylene powder obtained are shown in
Table 2 hereinbelow.

COMPARATIVE EXAMPLE 10

The same procedures as in Example 30 were repeated
except that no depositing agent was added.

The results obtained are shown in Table 2 hereinbe-
low.

COMPARATIVE EXAMPLE 11

The same procedures as in Example 30 were repeated
except that no depositing agent was added and that the
solvent was distilled off under reduced pressure.

The results obtained are shown in Table 2 hereinbe-
low.

>
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- TABLE 2
M‘
Poly- | '
merization Finel
Activity 1.1. Powder
| Depositing Agent  (Kg-PP/g-Ti) (%) (wt %)
Ex. 30 Ethanol 334 96.5 0.1 .
Ex. 31 n-Propanol} 326 97.0 0.1
Ex. 32 i-Propanol 318 96.8 0.2
C.Ex. 10 None 157 96.5 42
C.Ex. 11  Distillation! 177 96.0 38
%
Notes:

DFine powder having a particle size of 100 um or less.
2)Solvent was removed by distillation under reduced pressure.

As will be apparent from the results in Examples
25~31 and Comparative Examples 8~ 11, when a car-
rier for the catalyst for use in the method of the present
Invention is used which is prepared by pretreating at
least one oxide selected from the group consisting of
oxides of elements belonging to Groups II, 111, and IV
of the periodic table and/or a composite inorganic

~oxide containing at least one such oxide with a silicon

halide and with alcohol in this order, the amount of Ti
metal supported on the carrier that is toxicated can be
minimized. On the other hand, when the above-
described oxide and/or composite inorganic oxide with
or without the above-described pretreatment, at least
one member selected from the group consisting of a
hydrocarbon, an electron donating compound and an
alkoxytitanium, and a mixture containing a magnesium
alkoxide are mixed and further a depositing agent se-
lected from the group consisting of an alcohol and a
halogen-containing compound, particularly a halosi-
lane, is added thereto, the magnesium alkoxide can be
deposited on the carrier sufficiently, thus giving rise to
a carrier sultable for a high activity catalyst for use in
the polymerization of olefins. |

EXAMPLE 33

(1) Preparation of Catalyst Carrier for Polymeriza-
tion of QOlefin

In a 0.5 1 glass reactor purged with argon were
charged 35 g of calcined silicon dioxide (a product by
Fuji Davison Co., Ltd., grade 952, specific surface area:
350 m%/g, average particle size: 54 to 65 um), and 175 ]
of trimethyl-chlorosiane, and the mixture was allowed
to react with stirring under reflux for 12 hours. Then,
the reaction mixture was decanted three times using 100
ml of n-heptane and then solid component (surface
hydroxyl group concentration: 0.3 pmol/m?2) was ob-
tained.

To the above solid component was added n-heptane
solution containing 150 mmol of diethoxymagnesium
and 50 mmol of tetra-n-butoxytitanium and the resulting

mixture was left to stand at room temperature for 1

hour. Thereafter, 50 ml of isopropanol was added por-
tionwise. The resulting mixture was stirred at 80 ° C. for
I hour, and then decantation with 100 ml of n-heptane
was repeated 5 times. After decantation was completed,
the reaction mixture was evacuated and dried at 80 ° C.
for 1 hour to obtain a white solid catalyst carrier for
polymerization of olefins. This catalyst carrier con-
tained 3.1% by weight of magnesium atom.

(2) Preparation of Solid Catalyst Component for
Polymerization/of /Olefins

Thus-obtained catalyst carrier (8.0 g) was charged in
a 0.5 1 glass reactor, and 50 ml of n-heptane, 3.6 mmol of
ethyl benzoate, and 40 g of titanium tetrachloride. The
resulting mixture was stirred for 1 hour under relux.
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Then, the supernatant was removed by decantation and
the solid portion was well washed with hot n-heptane to
obtain a sohd catalyst component for polymerization of
olefins.

The Ti content in the catalyst for the polymerization 5
of olefins was 2.4% by weight.

(3) Polymerization of Propylene

In a 1] autoclave purged with argon were charged 50
ml of hexane having suspended therein 0.06 mmol Ti of
the sohd catalyst component, 1.5 mmol of triisobutyl- 10
aluminium and 0.45 mmol of methyl p-toluylate. After
the autoclave was evacuated to remove argon, 310 g of
propylene and 0.7 Nl of hydrogen were charged. The
temperature was raised to reach 70 ° C. in 5 minutes,
and polymerization reaction was carried out at 70 ° C.
for 2 hours. After cooling the autoclave, propylene was
purged and the content of the autoclave was taken out,
followed by drying under reduced pressure to obtain 99
g of polypropylene powder. The powder had an LI. of
97.3% by weight and a bulk density of 0.38 g/cm3. The 20
polypropylene powder contained 0.19% by weight of
fine powders having a particle size of 100 um or less.

COMPARATIVE EXAMPLE 12

The same procedures as in Example 33 were repeated 25
except that no trimethylchlorosilane was used to pre-
pare a catalyst carrier (surface hydroxyl group concen-
tration: 5.5 umol/m?) for polymerization of olefins.
Then, a solid catalyst component and a catalyst were

15

prepared In the same manner as in Example 33, and 30
polymerization of propylene was carried out.
‘The amount of the polypropylene powder was 9.1 g.
The polymer had an 1.1. of 97.0%.
COMPARATIVE EXAMPLE 13 35

The same procedures as in Example 33 were repeated
except that trimethylchlorosilane was replaced by me-
thyltrichlorosilane and diethoxymagnesium was re-
placed by butylethylmagnesium. As a result, 48 g of
propylene powder was obtained which had a bulk den- 40
sity 0of 0.35 g/cm3 and contained 0.3% by weight of fine
powders having a particle size of 100 um or less. The
polymer had an 1.1. of 95.8%.

EXAMPLE 34

The same procedures as in Example 33 were repeated
except that the kind of the alcohol as a depositing agent
was changed from isopropanol to ethanol. As a result,
103 g of polypropylene powder was obtained which
had a bulk density of 0.38 g/cm3 and contained 0% by
weight of fine powders having a particle size of 100 um
or less. The polymer had an LI of 97.3

- COMPARATIVE EXAMPLE 14

The same procedures as in Example 33 were repeated
except that isopropanol, a depositing agent, was not
used and n-heptane was distilled off under reduced
pressure. As a result, 72 g of polypropylene powder was
obtained which had a bulk density of 0.25 g/cm3. The
powder contained 25% by weight of fine powders hav-

ing a particle size of 100 um or less. The polymer had an
I.I. of 96.8%.
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EXAMPLE 35

(1) Preparation of Catalyst

The catalyst carrier (8.0 g) prepared in Example 33
(1) was charged in a 0.5 1 glass reactor, and 50 m] of
n-heptane, 3.6 mmol of n-butyl benzoate, and 40 g of

65
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titanium tetrachloride. The resulting mixture was
stirred for 1 hour under reflux. Then, the supernatant
was removed by decantation and the solid portion was
well washed with hot n-heptane to obtain a solid cata-
lyst component for polymerization of olefins. The Ti
content in the catalyst component was 2.2% by weight.

(3) Polymerization of Propylene

In a 11 autoclave purged with argon were charged 50
ml of hexane having suspended therein 0.006 mmol Ti
of the solid catalyst component, 1.5 mmol of trie-
thylaluminium and 0.45 mmol of methyl p-toluylate.
After the autoclave was evacuated to remove argon,
310 g of propylene and 0.7 Nl of hydrogen were
charged. The temperature was raised to reach 70 ° C. in
> minutes, and polymerization reaction was carried out
at 70 ° C. for 2 hours. After cooling the autoclave,
propylene was purged and the content of the autoclave
was taken out, followed by drying under reduced pres-
sure to obtain 101 g of polypropylene powder. The
powder had a bulk density of 0.38 g/cm?3 and contained
0.4% by weight of fine powders having a particle size of
100 pm or less, thus showing an excellent flowability.
The powder had an L.1. of 96.2% by weight. Fluores-
cent X ray spectral analysis of the polymer indicated
that the chlorine content of the polymer was 16 ppm.

COMPARATIVE EXAMPLE 15

The same procedures as in Example 35 were repeated
except that in Example 35 (1) reaction with trimethyl-
chlorosilane was omitted and the amount of the solid
catalyst component in Example 35 (2) was varied to
0.012 mmol Ti. As a result, 17.3 g of polypropylene
powder was obtained which had an 1.1. of 95.9%. Fluo-
rescent X ray spectral analysis indicated that the chlo-
rine content in the polymer was 195 ppm.

COMPARATIVE EXAMPLE 16

The same procedures as in Example 35 were repeated
except that in Example 35 (1) trimethylchlorosilane was
replaced by methyltrichlorosilane and diethoxymag-
nesium was replaced by butylethylmagnesium. As a
result, 45 g of polypropylene powder which had an L.I.
of 96.3% was obtained. Fluorescent X ray spectral
analysis indicated that the content of chlorine in the
polymer was 33 ppm.

EXAMPLE 36

The same procedures as in Example 35 were repeated
except that 1sopropanol in Example 35 (1), a depositing
agent, was replaced by ethanol. As a result, 105 g of
polypropylene powder was obtained which had a bulk
density of 0.38 g/cm?3 and contained 0.3% by weight of
fine powders having a particle size of 100 um or less.
The polymer had an LI of 97.0%. Fluorescent X ray
spectral analysis indicated that the content of chlorine
in the polymer was 16 ppm.

COMPARATIVE EXAMPLE 17

The same procedures as in Example 35 were repeated
except that 1sopropanol in Example 35 (1), a depositing
agent was no used, and n-heptane were distilled off
under reduced pressure. As a result, 75 g of polypropyl-
ene powder was obtained which had a bulk density of
0.29 g/cm3 and contained 25% by weight of fine pow-

ders having a particle size of 100 um or less. The poly-

mer had an 1.I. of 96.9%. Fluorescent X ray spectral
analysis indicated that the content of chlorine in the
polymer was 25 ppm.
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EXAMPLE 37

The same procedures as in Example 35 were repeated
except that n-butyl benzoate in Example 35 (1) was
replaced by 2.0 mmol of diisobutyl phthalate and 5
methyl p-toluylate in Example 35 (2) was replaced by
0.15 mmol if triethoxysilane. As a result, 212 g of poly-
propylene powder was obtained which had a bulk den-
sity of 0.42 g/cm3 and contained 0.3% of fine powders
having a particle size of 100 um or less. The polymer
had an L.1. of 97.5%. Fluorescent X ray spectral analysis
indicated that the content of chlorine in the polymer
‘was 8 ppm.

From the results in Examples 33 ~37 and Compara-
tive Examples 12~ 17, it can be seen that when a carrier
1s used which is prepared by pretreating at least one
oxide selected from the group consisting of oxides of
elements belonging to Groups II, III and IV of the
periodic table and/or a composite inorganic oxide con-
taining at least one such oxide with an organic silane 20
compound represented by formula

10

15

R3Si1X

wherein R represents an alkyl group, a phenyl group or 25
a vinyl group, and X represents a group capable of
reacting with a hydroxyl group present on the surface
of the at least one oxide and/or the composite inorganic
oxide, and contacting the thus-obtained oxide and/or
the composite inorganic oxide with the mixture contain-
ing a magnesium alkoxide, and further adding the de-
positing agent thereto so that the magnesium alkoxide
can be deposited on the carrier sufficiently, then a poly-
olefin can be obtained which has in addition to the
above-described benefits and advantage that it has a 35
narrow particle size distribution.

EXAMPLE 38

(1) Preparation of Solid Catalyst Component

In a 11 glass reactor purged with argon were charged 40
100 g of calcined silicon dioxide (a product by Fuji
Davison Go., Ltd., grade 952, specific surface area: 350
'm?/g, average particle size: 54 to 65 um), and 300 ml of
trimethyl-chlorosilane, and the mixture was allowed to
react with stirring under reflux for 12 hours. Then, the 45
reaction mixture was decanted three times using 200 ml
of n-heptane and dried to obtain a solid component of
silicon dioxide which had a hydroxyl group concentra-
tion in trimethylchlorosilane of 0.3 pumol/m? deter-
mined 1n the same manner as in Example 1.

To the solid component (20.0 g) was added 100 ml of
n-heptane solution containing diethoxymagnesium (100
- mmol) and tetra-n-butoxytitanium (60 mmol), and the
mixture was allowed to stand at room temperature for 1
hour. Thereafter, 55 m! of isopropanol was added por-
tionwise, followed by stirring at 80 ° C. for 1 hour.
Decantation with 200 ml of n-heptane was repeated 3
times and the residue was dried under reduced pressure
at 80 ° C. for 1 hour to obtain a white catalyst carrier.
The catalyst carrier contained 3.3% by weight of mag-
nesium atom.

Thus-obtained catalyst carrier (11.0 g) was charged in
an 0.5 1 glass reactor, and 50 ml of n-heptane, 3.2 mmol
of diisobutyl phthalate and 50 g of titanium tetrachlo-
ride.

The resulting mixture was stirred for 2 hours at 90 °
C. Then, the supernatant was removed by decantation
and the solid portion was well washed by hot n-heptane
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to obtain a solid catalyst component, which contained
2.3% by weight of Ti.

(2) Polymenzation of Propylene

In a 5 ] autoclave which have been purged with nitro-
gen gas sufficiently was charged 20 g of dried polypro-
pylene powder, and then 7.5 mmol of tne-
thylalunimium, 0.3 mmol of diphenyl-dimethoxysilane
and 0.03 mmol Ti of the solid catalyst component were
added thereto. After introducing hydrogen and then
propylene, the temperature and pressure were raised to
70 ° C. and 28 kg/cm?, respectively, and polymerization
of propylene was carried out under these conditions for
2 hours (first stage polymerization). The polypropylene
prepared under the same conditions had an L.1. 0f 97.4%
and [n](135 ° C,, tetralin solution) was 1.77 dl/g.

After completion of polymerization, unused gases
were €vacuated. Thereafter, a mixed gas of ethylene
and propylene (ethylene/propylene =50/50 (mol/mol))
and hydrogen were introduced, and while maintaining
the pressure to 25 Kg/cm? with the mixed gas, the sec-
ond stage polymerization was carried out at 60 ° C. for
2 hours.

After completion of polymerization, unused gases
were evacuated. As a result, 853 g of propylene poly-
mer was obtained. The ratio of propylene in the propy-
lene polymer finally obtained calculated from the
amount of the mixed gas consumed and the total amount
of polymer was 32% by weight. On the other hand, the
content of ethylene in the total polymer calculated from
the data of infrared spectral analysis, was 14.4% by
weight. Therefore, the content of ethylene in the poly-
propylene copolymer is 45% by weight.

The above-described propylene polymer was sub-
jected to determination of a Melt Index (MI, JIS
K72110), a modulus in tension (JIS K6758), 1zod impact
strength at —20° C. (JIS K7110, notched). The results
obtained are shown in Table 3 hereinbelow.

EXAMPLES 39 TO 42 AND COMPARATIVE
EXAMPLES 18 and 19

The same procedures as in Example 40 were repeated
except that the rate of hydrogen of monomer gas to be
supplied, and period of polymerization reaction were
changed as shown in Table 3.

EXAMPLE 43

TO 20.0 g of the same solid component as that pre-
pared in Example 38 (1) was added 100 m] of kerosene
oil solution containing dried magnesium sterate (40
mmol), diethoxymagnesium (40 mmol) and tetra-n-
butoxytitanium (60 mmol), and the mixture was allowed
to stand at a temperature of 150 ° C. for 1 hour. Thereaf-
ter, 100 ml of 1sopropanol was added portionwise, fol-
lowed by stirring at 80 ° C. for 1 hour. Decantation with
100 mR of n-heptane was repeated 5 times and the resi-
due was dried under reduced pressure at 80 ° C. for 1
hour to obtain a white catalyst carrier. The catalyst
carrier contained 3.5% by weight of magnesium atom.

Thus-obtained catalyst carrier (11.0 g) was charged in
a 0.5 1 glass reactor, and 50 1 of n-heptane, 3.2 mmo! of
diisobutyl phthalate, and 50 g of titanium tetrachloride.
The resulting mixture was stirred for 1 hour under re-
flux. Then, the supernatant was removed by decanta-
tion and the solid portion was well washed with hot
n-heptane to obtain a solid catalyst component, which
contained 2.3% by weight of T.
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Polimerization of propylene was carried out in the
same manner as in Example 38 except that the solid
catalyst thus-obtained was used.

The results obtained are shown in Table 3 hereinbe-

44

In the same manner as in Example 38 (2), vapor phase
polymerization was carried out using the catalyst thus-
obtained.

The results obtained are shown in Table 3 hereinbe-

low. 5 low.
EXAMPLE 44 COMPARATIVE EXAMPLE 2]
The type of polymerization reaction used in this ex- Using the same solid catalyst component as in Com-
ample was a slurry polymerization method. parative Example 20, a slurry polymerization was car-
In a 10 I autoclave provided with a stirrer which had 10 ried out in the same manner as in Example 44.
been purged with nitrogen sufficiently, were charged 51 The results obtained are shown in Table 3 below.
TABLE 3
Amount of Fine
| Powder having
| First Stage Second Stage Izod Physical properties a particle of
Amount of Amount of Yield Impact - Powder size of
polymeri- Ethylene polymeri- Kp -MI StrengthModulus Flowa- 100 pm
1] LL zation fn] content zation pp/ g/10 Kg - in tension  bility or less
di/g wt % wt %  dl/g  wt% wt % g-Ti min  cm/cm  Kg/em?  g/sec wt %
Ex. 38 1.8 97.2 68 3.7 45 32 593 2.4 13.9 12200 29 0.1
Ex. 39 2.0 97.4 83 3.1 64 17 933 2.7 6.7 13600 38 0.2
Ex. 40 2.7 97.7 37 4.2 29 43 621 0.8 85 11300 21 0.1
Ex. 41 1.3 97.0 90 6.3 56 10 477 12 4.6 15700 51 0.3
Ex. 42 1.5 970 82 1.8 47 18 520 13 3.8 14900 36 0.2
C.Ex.18 20 972 84 3.6 89 16 542 2.6 2.9 13700 37 0.2
C.Ex.19 14 971 88 4.7 16 12 471 12 2.3 13800 45 0.3
Ex. 43 1.8 973 77 4.6 53 23 632 2.5 7.4 12900 33 0.2
Ex. 44 1.5 97.1 83 4.1 42 17 307 5.2 5.1 14100 39 0.1
C.Ex.20 1.8 951 70 3.9 46 30 419 2.2 12.7 10300 7 14.0
C.Ex. 21 1.5 94.6 81 4.3 38 19 196 4.7 4.9 12800 18 15.1
of n-heptane, 15 mmol of triethylaluminium, 0.6 mmol
of diphenyldimethoxysilane, and 0.06 mmol Ti of the ~As will be apparent from the results in Examples
solid catalyst component prepared in Example 38 (1). 38 ~44 and Comparative Examples 18 ~21, two-stage
The first stage polymerization reaction was carried out 35 polymerization of propylene in the presence of the cata-

with maintaining the temperature of the liquid phase at
70 ° C., and using hydrogen metered to such an amount
that the resulting polypropylene had a predetermined
Intrinsic viscosity number and propylene in such an

amount that the reaction pressure was 9 Kg/cm?2 were 40

continuously supplied to the autoclave, the reaction
being continued for 2 hours with stirring.

"‘After completion of polymerization reaction, unused
propylene were removed, and the temperature of the
liquid phase was decreased to 60 ° C. The second stage
polymerization reaction was carried out for 2 hours
with stirring while maintaining the temperature at 60.°
C. and supplying metered propylene-ethylene mixed
gas and hydrogen for 2 hours. After completion of

polymerization reaction, unused gases were removed 50

and catalyst was inactivated by the addition of small
amount of butanol, and the reaction product was sepa-
rated and dried to obtain of white powder of polypro-
pylene-ethylene block copolymer.

The results obtained are shown in Table 3 hereinbe-
low.

COMPARATIVE EXAMPLE 20
In a 0.5 1 glass reactor was placed 6.0 g of magnesium

diethoxide ground using a ball mill. Then, 50 ml of 60

n-heptane and 10 mmol of n-butyl benzoate were added
thereto with adding portionwise 43 g of titanium tetra-
chloride. The resulting mixture was stirred under reflux
for 1 hour. Thereafter, the supernatant was removed by

45
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decantation, and the solid component thus obtained was 65

well washed with hot n-heptane to obtain a solid cata-
lyst component. This catalyst contained 2.5% by
weight of Th.

lyst according to the present invention has various ad-
vantages

(a) A step of removing catalyst residue from the re-
sulting polypropylene was abridged.

(b) Polypropylenes having excellent, well balanced
mechanical strengths such as stiffness, impact strength,
etc. can be obtained. The polypropylenes produced can
be used as a molding material for producing molded
articles which are used in the field of domestic appli-
ances, automobiles, etc.

(c) Polypropylenes whose powder has excellent flow
behavior and narrow distribution of particle size can be
obtained.

(d) Stabilized polymerization reaction can be carried
out.

EXAMPLES 45 AND 46

In a 5 1 autoclave which had been purged with nitro-
gen gas sufficiently was charged 20 g of dried polypro-
pylene powder, and then 7.5 mmol of trie-
thylaluminium, 0.3 mmol of diphenyl-dimethoxysilane
and the solid catalyst component prepared in Example

38 (1) in an amount of 0.03 mmol Ti were added thereto.

After introducing propylene, ethylene and hydrogen,
the temperature and pressure were raised to 60 ° C. and
25 Kg/cm? respectively, and polymerization of propy-
lene was carried out under these conditions for 2 hours.
Thereafter, unused gases were evacuated. As a result,
propylene-ethylene random copolymer was obtained.

The results obtained are shown in Table 4 hereinbe-
low.

The powder flowability, amount of fine powders and
heat temperature were determined as follows.
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Powder Flowability

In a cone having an inner diameter of 20 mm at outlet
was charged 100 g of a copolymer powder and the

46

The results obtained are shown in Table 4 hereinbe-
low.

EXAMPLE 50

amount of the powder which fell in unit hour was deter- §  The same procedures as in Example 45 were repeated
mined. The greater value indicates more improved using the solid catalyst component prepared in Example
flowability. 47 except that propylene, ethylene and buthene-1 were
. introduced in the autoclave instead of propylene and
Heat Sealing Property ethylene to obtain a propylen-ethylene-butene-1 ran-
-Using a film forming machine having a screw diame- 10 dom copolymer. |
ter of 20 mm¢, films of 30 um thick were produced The results obtained are shown in Table 4 hereinbe-
from a propylene copolymer. | low.
The films were pressed onto each other for 2 seconds '
under a load of 2 Kg/cm? using a heat sealer. The thus- COMPARATIVE EXAMPLE 22
obtained sample was cut to strips of 25 mm wide. The 15 Ina0.51 glass reactor was placed 6.0 g of magnesium
samples were stripped at a stripping speed of 200 diethoxide ground using a ball mill. Then, 50 ml of
mm/min. and a stripping angle of 180°. The tempera- n-heptane and 10 mmol of n-butyl benzoate were added
ture at which resisitance to stripping was 300 g/25 mm thereto with adding portionwise 43 g of titanium tetra-
was defined as a heat seal temperature. chloride. The resulting mixture was stirred under reflux
20 for 1 hour. Thereafter, the supernatant was removed by
EXAMPLE 47 | decantation, and the solid component thus obtained was
(1) Preparation of Solid Catalyst Component well washed with hot n-heptane to obtain a solid cata-
TO 20.0 g of the same solid component as that ob- lyst component. This catalyst contained 2.5% by
tained in Example 45 (1) was added 120 m] of kerosene weight of Th.
oll solution containing dried magnesium sterate (40 25  In the same manner as in Example 45 (2), vapor phase
mmol), diethoxy-magnesium (60 mmol) and tetra-n- polymerization was carried out using the catalyst thus-
butoxytitanium (60 mmol), and the mixture was allowed obtained.
to stand at a temperature of 150 ° C. for 1 hour. Thereaf- The results obtained are shown in Table 4 hereinbe-
ter, 150 ml of 1sopropanol was added portionwise, fol-  low. |
lowed by stirring at 80 ° C. for 1 hour. Decantation with 30
100 ml of n-heptane was repeated 5 times and the resi- COMPARATIVE EXAMPLE 23
due was dried under reduced pressure at 80 ° C. to The same procedures as in Example48 (2) using the
obtain a white catalyst carrier. the catalyst carrier con- same solid catalyst component as that in Comparative
tained 3.4% by weight of magnesium atom. magnesium Example 22 to carry a vapor polymerization.
atom. 35  The results obtained are shown in Table 4.
Thus-obtained catalyst carrier (10.0 g) was charged in
a 0.5 1 of glass reactor, and 50 ml of n-hgeptane, 1.7 mmol EXAMPLE 52
of diisobutyl phthalate, and 50 g of titanium tetrachlo- In a 10 1 polymerization reactor provided with a
ride. The resulting mixture was stirred for 2 hours at 90 stirrer which had been purged with nitrogen gas suffi-
° C. Then, the supernatant was removed by decantation 40 ciently were charged 51 of n-heptane, 15 mmol of trie-
and the solid portion was well washed with hot n-hep- thylaluminium, 0.6 mmol of diphenyl-dimethoxysilane,
tane to obtain a solid catalyst component, which con- and 0.06 mmol Ti of the solid catalyst component pre-
tained 2.1% by weight of Ti. pared in Example 45 (1). Propylene, ethylene and hy-
(2) Polymerization drogen were charged and a slurry polymerization reac-
'The same procedures as in Example 45 were repeated 45 tion was carried out at 60 ° C. and at a reaction pressure
using this solid catalyst. of 9 Kg/cm? for 2 hours. After completion of polymeri-
The results obtained are shown in Table 4. zation reaction, unused gases were removed, and the
| catalyst was iactivated and removed, followed by
EAAMPLES 48 AND 45 drying. As a result, white powder of propyleneethylene
‘The same procedures as in Example 45 were repeated 50 random copolymer was obtained.
using the solid catalyst component prepared in Example -
45 except that propylene, ethylene and buthene-1 were COMPARATIVE EXAMPLE 24
mtroduced in the autoclave instead of propylene and The same slurry polymerization reaction was carried
ethylene to obtain a propylen-ethylene-butene-1 ran- out as in Example 53 using the same solid catalyst com-
dom copolymer. 55 ponent as that used in Comparative Example 22.
The results obtained are shown in Table 4 below.
TABLE 4
Amount of
| Soluble
Ethylene Butene-1 Polymer Powder Amount of Heat Sealing
Content  Content Yield Produced  Flowability Fine Powders Temperature
wt% < wt% Kg/g-Ti wt 7 g/sec wt % *C.
Ex. 45 3.2 0 229 — 37 0.4 1385
Ex. 46 5.1 0 225 — 29 - 0.3 130.7
Ex. 47 2.8 0 233 — 40 0.3 139.6
Ex. 48 2.9 4.5 277 — 25 0.2 127.0
Ex. 49 1.7 2.5 238 — 32 0.3 132.5
Ex. 50 2.1 6.4 281 — 24 0.2 123.8
C. Ex. 22 3.4 0 167 — 8 19.1 139.4
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TABLE 4-continued
Amount of
Soluble
Ethylene Butene-1 Polymer Powder Amount of Heat Sealing
Content  Content Yield Produced  Flowability Fine Powders Temperature
wt % wt % Kg/g-T wt % g/sec wt % °C.

C. Ex. 23 2.0 3.7 172 — 6 - 19.8 129.0
Ex. 51 3.0 0 135 1.9 48 0.5 139.5
C.Ex. 24 2.8 0 92 5.2 22 20.3 140.7

From the results in Examples 45~51 and Compara-
tive Examples 22~24, it is apparent that propylene
copolymers produced by polymerizing propylene and
an a-olefin other than propylene in the presence of the
catalyst according to the present invention such that the
content of the other a-olefin as a monomer unit is from
0.5 to 20% by weight, the polymer is advantageous in
that it can be formed into films, sheets, etc. having an
excellent low temperature heat sealing property as well
as the above-described benefits.

EXAMPLE 52

Polymerization of Butene-1

In a 5 1 autoclave which had been purged with nitro-
gen gas sufficiently was charged 20 g of dried polypro-
pylene powder, and then 7.5 mmo! of trie-
thylaluminium, 0.3 mmol of diphenyl-dimethoxysilane
and 0.03 mmol Ti of the solid catalyst component pre-
pared in Example 38 (1) were added thereto. After
introducing nitrogen to a level of 2 Kg/cm?2, butene-1
was introduced, and the temperature and pressure were
raised to 60 ° C. and 6 Kg/cm?, respectively. Thereaf-
ter, 900 ml of hydrogen was introduced. While main-
taining the total pressure at 6 Kg/cm?, homopolymeriz-
ation of butene-1 was carried out for 4 hours.

After completion of polymerization. Thereafter, un-
used gases were evacuated. As a result, 328 g of butene-
1 polymer was obtained.

The wiscosity [7n](tetralin solution, 135 ° C.), bulk
density, E.I.P. (insoluble fraction after 6 hour extraction
with boiling diethyl ether using a Soxley extractor),
amount of fine powders, and the content of chlorine in
the butene-1 polymer were determined. The results
obtained are shown in Table 5.

EXAMPLE 53

(1) Preparation of Solid Catalyst Component

TO 20.0 g of the same solid component as that ob-
tained in Example 52 (1) was added 100 ml of kerosene
oil solution containing dried magnesium stearate (40
mmol), diethoxy-magnesium (40 mmol) and tetra-n-

butoxytitanium (60 mmol), and the mixture was allowed

to stand at a temperature of 150 ° C. for 1 hour. Thereaf-
ter, 100 ml of isopropanol was added portionwise, fol-
lowed by stirring at 80 ° C. for 1 hour. Decantation with
100 ml of n-heptane was repeated 5 times and the resi-
due was dried under reduced pressure at 80 ° C. for 1
hour to obtain a white catalyst carrier. The catalyst
carrier contained 3.5% by weight of magnesium atom.

Thus-obtained catalyst carrier (11.0 g) was charged in
a 0.5 I of glass reactor, and 50 ml of n-heptane, 3.2 mmol
of diisobutyl phthalate, and 50 g of titanium tetrachlo-
ride. The resulting mixture was stirred for 1 hour under
reflux. Then, the supernatant was removed by decanta-
tion and the solid portion was well washed with hot
n-heptane to obtain a solid catalyst component, which
contained 2.3% by weight of Ti.

15

20

25

30

35

45

50

35

65

(2) Polymerization of Butene-1

The same procedures as in Example 52 were repeated
using this solid catalyst.

The results obtained are shown in Table 5.

EXAMPLE 54

The type of polymerization reaction used in this ex-
ample was a slurry polymerization method.

In a 11 autoclave which had been purged with nitro-
gen gas sufficiently and maintained at 10 ° C., were
charged 350 g of liquid butene-1 and then 3 m! of hexane
having suspended therein 3.0 mmol of trie-
thylaluminium, 0.15 mmol of phenyltriethoxysilane, and
0.01 mmol Ti of the solid catalyst component in Exam-
ple 52 (1). After the temperature was raised to 28 ° C.,
50 mR of hydrogen was added. After polymerization
was carried out for 4 hours at 28 ° C., the content was
discharged through a valve at the bottom of the reactor
of and unused butene-1 was removed. Thus, 44 g of
white powdery butene-1 polymer was obtained.

The results obtained are shown in Table 5 hereinbe-
low.

COMPARATIVE EXAMPLE 25

(1) Preparation of Solid Catalyst Component

In a 0.5 1 glass reactor was charged 6.0 g of magne-
sium diethoxide ground using a ball mill, and 50 ml of
n-heptane and 10 mmol of n-butyl benzoate, with fur-
ther adding potionwise 43 g of titanium tetrachloride.
The resulting mixture was stirred for 1 hour under re-
flux. Thereafter, the supernatant was removed by de-
cantation, and the solid component thus obtained was
well washed with hot n-heptane to obtain a solid cata-
lyst component. This catalyst contained 2.5% by
weight of Ti.

(2) Polymerization of Butene-1

The same manner as in Example 52 (2), a vapor phase
polymerization reaction was carried out using this solid
catalyst component.

The results obtained are shown in Table 5 below.

COMPARATIVE EXAMPLE 26

In the same manner as in Example 54, a slurry poly-
merization reaction was carried out using the same solid
catalyst composition as in Comparative Example 25.

COMPARATIVE EXAMPLE 27

In an autoclave were charged 0.10 g (0.56 mmol Ti)
of a high activity titanium trichloride catalyst (a prod-
uct by Marubent Survay Go., Ltd., lot No. TPU-18) and
8.5 mmol of ethylaluminium chloride, and homopoly-
merization of butene-1 was carried out at a polymeriza-
tion temperature of 35 ° C. as Example 54

The results obtained are shown in Table 5 below.

EXAMPLE 55

(1) In the same manner as in Example52, a solid cata-
lyst component was prepared.
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(2) Butene-1-Propylene Block Copolymer

In a 5 1 autoclave which had been purged with nitro-
gen gas sufficiently was charged 20 g of dried polypro-
pylene powder, and then 7.5 mmol of trie-
thylaluminium, 0.3 mmol of diphenyl-dimethoxysilane
and 0.03 mmol Ti of the solid catalyst component were
added thereto. After introducing and then propylene
were charged, the temperature and pressure were raised
to 50 ° C. and 5§ Kg/cm?, respectively, and polymeriza-
tion of propylene was carried out under these condi-
tions for 30 minutes (first stage polymerization). As a
result of polymerization experiment conducted under
the same conditions as above gave 11 g of polypropyl-

10

ene which had an L.I. of 96.8%, [n] (135 ° C,, tetralin

solution) of 2.25 dl/g.

After completion of the first stage polymerization,
gas 1n the reactor was evacuated, and then nitrogen gas
was Introduced to elevate the pressure to 2 Kg/cm?2.
‘Then, a mixed gas of butene-1 and propylene, and hy-
drogen were introduced, and while maintaining the
pressure with the mixed gas at a level of 6 Kg/cm? the
second stage polymerization reaction was carried out at
60 ° C. for 3 hours.

After completion of the second stage polymerization,
unused gases were evacuated. As a result, 169 g of poly-
mer was obtained. The propylene content of the co-
polymer in the second stage determined by 13C NMR
was 1.6% by weight. |

The data on the polymer are shown in Table 5 below.

EXAMPLE 56

(1) In the same manner as in Example 52, a solid
catalyst component was prepared.

(2) Butene-1-Propylene Block Copolymer

In a 2 1 autoclave provided with a stirrer which had
been purged with nitrogen gas sufficiently were
charged 300 g of propane, 5 mmol of triethylaluminium,
0.3 mmol of diphenyl-dimethoxysilane, and 0.02 mmol
T1 of the solid catalyst component prepared in the same
manner as in Example 52 (1), and then 10 g of propylene
was further added, and the temperature was raised to 40
° C.

The first stage polymerization reaction was carried
out while maintaining the liquid temperature at 40 ° C.
for 30 minute stirring. |

Then, propane and unused propylene were evacu-
ated, and the temperature of the autoclave was lowered
to 28 ° C. Thereafter, 600 g of butene-1 and hydrogen
were Introduced, and the second stage polymerization
was carried out for 3 hours.
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From the results in Examples 52 ~56 and Compara-
tive Examples 25~ 27, it is apparent that polybutenes or
copolymers prepared in the presence of the catalyst

~according to the present invention from butene-1 or

butene-1 and other a-olefin, particularly those copoly-
mers in which the content of butene as 2 monomer unit
is from 60 to 99.5% by weight, are polyolefins suitable
for molding material for producing vanous molded
articles such as pipes, films, sheets, etc.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without depart-
ing from the spirit and scope thereof.

What is claimed is:

1. In a method for producing a solid catalyst carrier
having a surface hydroxyl group concentration of up to
3 p mole/m? which is useful for preparing a catalyst
containing (A) a solid catalyst component, (B) an or-
ganoaluminum compound and (C) an electron donating
compound; which catalyst is useful for polymerizing an
a-olefin having three or more carbon atoms for copoly-
merizing an a-olefin having three or more carbon atoms
and ethylene; the improvement comprising:

contacting at least one member selected from the

group consisting of oxides of elements belonging to
Groups 11, III and IV of the periodic table and a
composite of inorganic oxides containing at least
one such oxide, with at least one silicon halide
selected from the group consisting of alkylchlorosi-
lanes having 1-6 carbon atoms and tetrachlorosi-
lane, in a molar ratio of 1-50:1 with respect to said
oxides;

contacting the product thereof with an aliphatic

monovalent alcohol in a ratio of 1-100:1 with re-
spect to said silicon halide;

separating the resulting solid after said contacting;

contacting the resulting solid with a solution contain-

ing a magnesium alkoxide represented by the for-
mula:

Mg(OR%){OR3); _5

wherein R? and R3 are the same or different, and
each represents an alkyl group of 1-10 carbon
atoms, and t 1s a real number of 0 to 2, wherein said
solution containing a magnesium alkoxide is a mix-
ture thereof with at least one additional member
selected from the group consisting of a hydrocar-
bon, an electron donor and an alkoxytitanium com-

After completion of the reaction, the content was pound; and | |
taken out from the bottom of the autoclave, and unused contacting the product thereof with tetrachlorosi-
butene-1 was removed to obtain white powdery copoly- lane.

mer of butene-1 and propylene. The propylene content

2. The method as claimed in claim 1, wherein said

in the copolymer determined by 13C NMR was 4.3% by 55 solution containing a magnesium alkoxide is a mixture

weight. of an alkoxytitanium compound and a magnesium alk-
oxide.
% * ¥ 4 %
TABLE 5
Polymerizatiah . Bulk Amount of Amount of
Activity In] Density E.JIP. Fine Powdey Chlorine
Kg/g-T dl/g g/cc %% wt % ppm
Ex. 52 114 1.9 0.37 97.2 0.4 36
Ex. 53 101 1.9 0.37 96.9 0.5 36
Ex. 54 92 2.0 0.38 97.5 0.2 50
C. Ex. 25 42 1.8 0.27 042 11.2 536
C. Ex. 26 36 1.8 0.29 03.8 8.5 588
C. Ex. 27 1.6 2.6 0.44 07.1 0.2 3900
Ex. 55 118 1.9 0.35 97.5 0.3 32
Ex. 56 94 2.0 0.36 97.8 0.1 46
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